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there’s the answer to every 
laboratory filing need in these 
interchangeable stacking units — 


@ *1" MICROSLIDE DRAWERS 


(for spaced or storage filing) 


@ *2' SLIDE OR TRANSPARENCY DRAWERS 


(for spaced or storage filing) 


@ *4° DRAWERS 
(for x slides or index 
cards. Technilume drawer for built-in 
illumination optional) 


@ SHELF 


(for resting trays or drawers in use) 


@ FLAT-FILING CABINET FOR MICROSLIDES 


(slides lie flat in trays; dry quickly; 
are visible at a glance) 


@ FLAT-FILING UNIT FOR TRANSPARENCIES 
(2” x 2” or x 4%” for filing 
and instant viewing) 


@ ILLUMINATION UNIT 
fused in conjunction with Transpar- 
ency Flat-Filing for viewing) 

@ PARAFFIN BLOCK FILE 
(shallow drawers, with vari-sized 
knock-down cardboard containers) 


*Single cabinets can comprise variable assem- 
blies of any of these drawers, thanks to the 
Technicon Lab-aid unit track design. 


Everything about a Technicon Lab-aid file is de- 
signed to speed the work and improve filing effi- 
ciency. For example, the unique (patented) spring 
slide-spacers. Holding slides upright with plenty of 
air-space for quicker drying, they're still supple 
enough to spread like this, so you can easily file or 
find a slide. If you want more capacity for close- 
packed, permanent storage, you simply remove the 
spacer, which gives you room for approximately 
6500 slides in a single 19” x 19” x 5” unit — up to 
45% more capacity. 

To find out more about this efficient system for 
laboratory filing, send the coupon below. 


THE TECHNICON COMPANY 
215 East 149th St., New York 51, N. Y. 


Send me particulars of the ‘‘LAB-AID” filing system. 


Name 


Address 


City State 
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The Armour Plan 


RMOUR RESEARCH FOUNDATION OF ILLINOIS IN- 
on or TECHNOLOGY had modest beginnings 
in the depression year of 1936. It has sinee grown 
steadily from three small rooms at Technology Center 
on Chicago’s near South Side to a large center of 
organized scientifie and engineering research. Annual 
research appropriations totaling more than $9,000,000 
now enable a staff of more than 1000 full-time mem- 
bers to conduct many long-range research programs 
in practically all fields of physical and chemical 
seience. 

This nonprofit organization serves industrial con- 
cerns and government agencies by acting as an exten- 
sion of each sponsor’s laboratory. Under the Armour 
Plan, a diverse professional staff systematically col- 
laborates on individual projects, and because of this 
diversity increasing numbers of sponsors have found 
specialized research organizations such as the founda- 
tion both economical and effective for solving impor- 
tant research and development problems. The variety 
of scientific equipment and the range of scientific dis- 
ciplines available increase the chances for research 
suecess. Such research projects as trace elements in 
meat, the flow of molten metal, palm oil substitutes, 
roller chains, corrosion of metals, and lightweight 
concrete aggregates will serve to give some indication 
of the breadth of the foundation’s research effort. 

The investigation of trace elements in meats is 
sponsored by a national business association interested 
in determining the mineral content of the various cuts 
and grades of beef, lamb, pork, and veal. The analyti- 
cal tool used in this work is the emission spectrograph. 
The first phase of the program, recently completed, 
showed that beef, for example, contains some 20 trace 
elements, in concentrations ranging from about one 
part per billion to a few tenths of 1 per cent. 

A theoretical and experimental exploration of the 
flow of molten steel through various gating systems 
used for production of steel castings has resulted in 
the development of a design theory that permits pre- 
diction of flows within about 5 per cent. The theory 


Gladys M. Keener 


Executive Editor 


AAAS EDITORIAL BOARD 
(Terms expire June 30, 1953) 


Howard A. Meyerhoff, Chairman 
William R. Amberson Bentley Glass 
Wallace R. Brode Kari Lark-Horovitz 

Walter J. Nickerson 
F. A. Moulton, Advertising Representative 


also permits calculation of mold-filling times within 
an aceuracy required by the practical foundryman. 

The search for a domestic product to replace palm 
oil in hot-dip tin plate manufacture has led to diseov- 
ery of a promising new substitute derived from white 
grease, which may contain substantial quantities of 
pork fat. A substitute previously developed by the 
foundation uses beef tallow as a starting material. 

Objective of the research on roller chains is the 
identification of certain basic factors and mechanical 
effects influencing chain life that will be useful in de- 
termining chain design, material specifications, and 
chain-drive capacities. In the initial phase of the pro- 
gram, instruments were devised for measurement of 
forces on chains in motion. A large chain testing ma- 
chine also was built and used with the instrumentation. 

The problem of corrosion of metals is being attacked 
from several points of view. Apparatus has been de- 
vised that gives a better insight into the manner in 
which metals corrode. Corrosion inhibitors for vari- 
ous applications are being tested. Several projects are 
concerned with development of lightweight aggregates 
for concrete mixes. Many raw materials and process- 
ing techniques have been examined, resulting in pro- 
duction of a number of aggregates combining light 
weight with strength. 

This wide variety of investigations continually chal- 
lenges and invigorates the staff. There is no time for 
stagnation when new demands are made each day on 
the foundation’s capacity and on the ingenuity of its 
personnel. 

Foundation expansion has brought about the for- 
mation of four divisions: Materials and Processes Re- 
search, Engineering Mechanics Research, Physics and 
Electrical Engineering Research, and the International 
Division, which handles industrial research programs 
outside the United States, furnishing to other nations 
the same research and engineering service available in 
this country. 

Hawpon A. Leepy 


Armour Research Foundation of 
Illinois Institute of Technology 


SCIENCE, founded in 1880, is published each Friday by the American As- 
sociation for the Advancement of Science at the Business Press, 10 McGovern 
Ave., Lancaster, Pa. Entered as second-class matter at the Post Office at 
Lancaster, Pa., January 13, 1948, under the Act of March 3, 1879. Accept- 
ance for mailing at the special rate postage provided for in the Act of February 
28, 1925, embodied in Paragraph (d-2) Section 34.40 P. L. & R. of 1948. 

All correspondence should be sent to SCIENCE, 1515 Massachusetts Ave., 
pn Washington 5, D. C. The AAAS assumes no responsibility for the safety 

of manuscripts or for the opinions expressed by contributors. Four weeks’ 
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is required for change of address, and an address stencil label from a recent 
issue must be furnished. Claims for a missing number will be allowed only if 
received within 60 days from date of issue. 

Annual subscriptions, $7.50; single copies, $.25; foreign postage, outside the 
Pan-American Union, $1.00; Canadian postage, $.50. Special rates to members 
of the AAAS. 

The AAAS also publishes THE SCIENTIFIC MONTHLY. Subscription and ad- 
vertising rates on request. 

Cable address: apvANCESCI. 
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Chemical | 
Engineering 
Progress 


MONOGRAPH 


and 
SYMPOSIUM 


SERIES 


Up-to-the-minute Data for Chemical Engineers! 


To meet the constant demand for information on specific problems in chemical engineer- 
ing, Chemical Engineering Progress has during the past year published five volumes (pa- 
per covered, 81% by 11) in its new series of papers by leading engineers, available in 
single volumes or on a 10%-discount subscription basis. New volumes will be issued 


periodically. 


Reaction Kinetics and Transfer Processes (Sym- 
posium Series: approx. 135 pages, $3.75 to mem- 
bers, $4.75 to nonmembers) 


Phase-Equilibria — Minneapolis and Columbus 
(Symposium Series: 122 pages, $3.75 to mem- 
bers, $4.75 to nonmembers) 


Phase-Equilibria—Pittsburgh and Houston (Sym- 


posium Series: 138 pages, $3.75 to members, 
$4.75 to nonmembers ) 


Ultrasonics (Symposium Series: 87 pages, $2.00 to 


members, $2.75 to nonmembers) 


Reaction Kinetics by A. Houcen (Mono- 
graph Series: 74 pages, $2.25 to members, $3.00 


to nonmembers) 


AMERICAN INSTITUTE OF CHEMICAL ENGINEERS 


120 East 41 Street 


New York 17, New York 


PROTHROMBIN TIME 


NOW DETERMINED SIMPLY, 
RAPIDLY, ACCURATELY 


An important, new scientifically designed appara- 
tus that determines PROTHROMBIN TIME accurate- 
ly and simply. It is a completely integrated unit 
that eliminates variables in temperature and re- 
sults. The apparatus is thermostatically controlled 
at 37°-38°C. and includes an electronically oper- 
ated stop watch actuated by a foot switch. 


For full details write to: 


J. BEEBER co., Inc. 


838 Broadway, N.Y.C. AL. 43510 
1109 Walnut Street, Philadelphia 


avactlakle... 


Adenosine Triphosphate (ATP); Amygdalin; Amylase; 
Animal Lecithin; Ascorbic Acid Oxidase; Bacitracin; 
BAL; Biotin, cryst.; Caffeic Acil; Carotene, cryst.; 
Catalase; Cellulase Chlorogenic Acid; Chorionic 
Gonadotropin; Circulatory Hormone; Colchicine; Cy- 
tidylic Acid; Cytochrome C; Dehydroascorbic Acid; 
Diacetonamine; Dihydroxyacetone; Dihydroxyphenyla- 
lanine (DOPA); Dipyridyl; Edestin; Emulsin; Ery- 
thritol; N-Ethylpiperidine; Fibroin; Folic Acid; 
Galacturonic Acid; Gentisic Acid; Girard Reagents P 
and T; Gliadin; Glucose Pentaacetate; Glucuronic 
Acid; Glyceraldehyde; Glyceric Acid; Heparin; Horde- 
nine; Hyaluronidase; Hydrindene; 2-Hydroxyadipalde- 
hyde; Humulon; Indan; Isoascorbic Acid; Isopropyl- 
arterenol; Kojic Acid; Kynurenic Acid; Lanthionine; 
Lipase; Lysozyme; Lyxose; Malononitrile; Maltase; 
Melezitose; Mesobilirubinogen; Muscle Adenylic Acid; 
Myanesin; p-Nitrophenylphosphate; Nucleoprotein; 
Orcinol; Pancreatin; Pantothenyl Alcohol; Penicil- 
linase; Peroxidase; Phenazine; Phenylpyruvic Acid; 
Phioridzin; Phosphorylase; Piperin; Porphyrindine; 
Protamines ; Protoporphyrin; Pyridoxal; Pyridoxamine; 
Pyrocatechuic Acid; Pyruvic Aldehyde; Ribonuclease; 
Saccharic Acid; Salmine; Serine Phosphoric Acid; 
Spermidine; Spermine; Thioacetic Acid; Thiocytosine; 
Thyroxine; Trigonelline ; Triphenyltetrazolium Chloride; 
Tripyridyl; Trypsinogen; Tyrosinase; Tyrothricin; 
Urease; Uricase; Uridine; Vitellin; Xanthosine. 


Ask us for others! 


DELTA CHEMICAL WORKS 


23 West 60th St. New York 23,N.Y. 
Telephone Plaza 7-6317 | 
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Hew! EL-TRONICS. .. ou Price... High Zuality...De lure 
WIDE BAND LABORATORY OSCILLOSCOPE 


9 NEW AND SPECIAL FEATURES 


1. Full 4” vertical deflection without overload. 


2. Vertical amplifier NOT overcompensated. Overshoot kept 
to a minimum. 


3. Rectangular light shield permits viewing of the EFFEC- 
TIVE cathode ray tube area 4” vertically and 4'/2” hori- 
zontally. 


4. Special slotted design of above shield permits easy re- 
moval of graduated scale. 


5. Continuously variable gain controls. 


6. Green light filter reduces effect of external light inter- 
ference permitting excellent observation of test patterns 
in normal room light. 


7. Cathode ray tube provided with Mu-Metal shield for 
protection against external magnetic fields. 


8. Vertical gain control calibrated in peak to peak volts. 


Unusual chassis layout for maximum wiring efficiency 
and lowest interaction between H and V circuits. 


VERTICAL AMPLIFIER 
@ SENSITIVITY—20 millivolts per inch of deflection. 


@ FREQUENCY RESPONSE (SINE WAVE)—20 cycles to 5 mega- : HORIZONTAL AMPLIFIER x 
cycles Down 3 DB at 5 mc. @ SENSIT iY—O.3 volts RMS per inch of deflection. 
@ SQUARE WAVE RESPONSE—Excellent duplication of al! @ FREQUENCY RESPONSE— (SINE WAVE)—flat to 300 KC. 
square waves between 50 cycles and | megacycle. Maximum @ SWEEP EXPANSION—Maximum of 15 inches. 
tilt of 50 cycle square wave is 5%. Recurrent sweep oscillator. 
@ MAXIMUM INPUT POTENTIAL—1000 volts peak to peak @ FREQUENCY RANGE—10 cycles to 150 kilocycles in 6 steps. 
@ INPUT ATTENUATOR—x1-X10-X100 positions. X1 position @ LINEARITY—Excellent linearity over entire range. 
useful up to 10 volts peak to peak. Input attentuator is fre- 
quency compensated. “Z”" AXIS MODULATION 


@ CALIBRATED GAIN CONTROL—Vertical amplifier gain is 
continuously variable by means of calibrated vertical gain 
control. Gain control is calibrated on peak to peak volts. 
Special circuit minimizes effect of gain control setting on 
frequency response. 


Provision for external intensity modulation and external re- 
trace blanking. 
Internal retrace blanking circuit incorporated. 


@ INPUT IMPEDANCE—x1 =, 3.5 megohms—55 mmfd. CALIBRATED TEST SIGNAL 

X10 position, 1 megohm—27 mm Built in 2 volt calibrated test signal source is brought out to 

X100 position, | megohm—25 an front panel binding post. 

TUBE COMPLEMENT 
VERTICAL AMPLIFIER HORIZONTAL AMPLIFIER SWEEP OSCILLATOR GR TUBE POWER SUPPLY 

6C4 Cathode Follower 6AB4 Amplifiers 12 AT7 Multivibrator 5UP! One 5U4G 

6AH6 Amplifiers PP6C4 Deflection Amplifiers One 5Y3CT 

6C4 Phase Splitter Two OB2 Regulators 

PP6AG7 Deflection Amplifiers 


Cat. No. 104000 The Deluxe Wide Band Laboratory Oscilloscope has a compact cabinet of steel gray hammer- 
tone 10/2” wide by 1342” high by 151” deep and weighs approximately 35 Ibs. Finely perforated parts 
are provided for adequate ventilation. The markings on the etched aluminum panel are in white to contrast 
with the dark gray background which minimizes glare. Price Each $249.00 


Price and Specifications Subject to Change without Notice 


STANDARD SCIENTIFIC SUPPLY CORP. 
34 West 4th Street New York 12, N. Y. 
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SHOCK AND CIRCULATORY HOMEOSTASIS 


Wake Forest College 


Surgeons, Columbia University. 


RENAL FUNCTION 


bia University 


BLOOD CLOTTING AND ALLIED PROBLEMS 

Transactions of the Fifth (1952) and Final Confer- 
ence. Edited by Joseph E, Flynn, M.D., Associate 
Professor of Pathology, College of Physicians and 


PROBLEMS OF AGING 
ference. Edited by Nathan W 


Hospitals 


SALES OFFICE: P.O. BOX 575 


~ 1 THE JOSIAH MACY, JR. FOUNDATION 


Invites you to share these reports on 
MODERN SCIENTIFIC THOUGHT 


Transactions of the First (1951) Conference. Edited 
by Harold D. Green, M.D., Professor of Physiology 
and Pharmacology, Bowman Gray School of Medicine, 


Transactions of the Third (1951) Conference. Edited 
by Stanley E. Bradley, M.D., Associate Professor of 
Medicine, College of Physicians and Surgeons, Caete 


Transactions of Fourteenth 1951) 

Section on Gerontology, National Heart "esas. 

National Institutes of Health and The 


COLD INJURY 
Transactions of the First (1950) Conference. Edited 


by M. Irene Ferrer, -D., Assistant Professor of 
Medicine, College of Physicians and Surgeons, Colum- 
bia University $3.25 


CONNECTIVE TISSUES 

Transactions of the Third (1952) Conference. Edited 
by Charles Ragan, M.D., Associate Professor of 
Medicine, College of Physicians and Surgeons, Colum- 
bia University $3.50 


NERVE IMPULSE 


Transactions of the Third (1952) Conference. Edited 
by H. Houston Merritt, M.D., Professor of Neurology, 
College of Physicians and Surgeons, Columbia Uni- 
versity $3.50 


CYBERNETICS 

Transactions of the Eighth (1951) Conference. Edited 
by Heinz Von Foerster, Ph.D., Professor of Electrical 
Engineering, University of Illinois. Associate Editors: 
Margaret Mead, Ph.D., American Museum of Natural 
History; Hans Lukas Teuber, M.D., need York Uni- 
versity 


PACKANACK LAKE - NEW JERSEY 


Obtain instrument-like scales 
on YOUR Kymograph charts ~w 


Operate your kymograph at ANY speed. You will always 
y' 


mark a time scale instrument quality and of the finest 
readable divisions with your FRANZ KYMO TIMER. Two 
scales are traced simultaneously, the upper recording in 
1/5 second and one-second intervals, the lower recording 
in 10 second and one minute intervals. It automaticall 
expands or contracts its scale to match the kymogr. 
speed. No adjustments required over the entire range. 
Price, complete in carrying case—Soot-writing type $24.00 
ink-writing type $30.00 


@ Order now, or write for further details to 


5. FRANZ CO. @ NEW HAVEN 11, CONN. 


COZYMASE I 


75% pure 
and 
95% pure 


crystalline 


Alcoholdehydrogenase 


EMULSIN 


(B-glucosidase) 


WORTHINGTON BIOCHEMICAL SALES CO. 


Freehold, New jersey 
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Twin-Viso 
Cardiette 


Viso Recorder 


Poly-Viso 
Cordiette 


Although the direct-writing Viso-Cardiette 
was introduced, and completely accepted, as a clinical 
electrocardiograph, the eyes of other fields — research, for 
example — were soon turned to the surplus of its clinical 
recording characteristics, and the wide range of its potentialities. 
Research had been asking also for an instrument that would 
record more than one phenomena simultaneously, and do so via 
the same basic design advantages of the then already popular Viso- 
Cardiette. In answer, Sanborn engineers multiplied the Viso-Cardiette 
by four, so to speak, and came up with the four-channel Poly-Viso Cardiette — 
soon to follow it, in the same manner, with the two-channel Twin-Viso Cardiette. 
There were also those who wanted a /ess elaborate instrument 
than the Viso in that they had no need for ’cardiography, but desired all 
the recording advantages of a one-channel system. And so, the lower cost 
Viso-Recorder was designed. 
Nor was this imposing array of Sanborn recording systems long to 
go unrecognized in the field of Industry where many recording problems 
are now being solved “the Viso way.” 
Taken as a common denominator of all the various ' 
Viso models in use today (both medical and industrial), 4 fertette 
one-channel Sanborn systems now total nearly 20,000. 6 i 


Yes, the Viso-Cardiette really started something! 


= 


Further information and descriptive literature 
on the Viso-Cardiette, or Sanborn one-, two-, or 
four-channel recording systems will gladly be 


sent on request. 39, MASSACHUSETTS 


Makers of Electrocardiographs Since 1924 
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APPLICATION FOR HOTEL RESERVATIONS 
119th AAAS MEETING 


St. Louis, Mo., December 26-31, 1952 


The list of hotels and their rates and the reservation coupon below are for your convenience in 
making your hotel room reservation in St. Louis. Please send your application, not to any hotel 
directly, but to the AAAS Housing Bureau in St. Louis and thereby avoid delay and confusion. The 
experienced Housing Bureau will make assignments promptly; a confirmation will be sent you in 
two weeks or less. Share a room with a colleague if you wish to keep down expenses. Mail your ap- 
plication now to secure your first choice of desired accommodations. All requests for reservations must 
give a definite date and estimated hour of arrival, as well as date and approximate hour of departure. 


HOTELS AND RATES PER DAY 


Hotel* Single Double Bed Twin Beds Suites 
CHASE 6.00— 9.00 8.00—10.00 8.00—12.00 14.00-—30.00 
DESOTO*D 4.00— 6.00 6.00— 9.00 7.50-—14.00 11.50—22.00 
JEFFERSON*D 4.50— 8.50 7.50—11.00 8.50—11.50 19.00—30.00 
LENNOX D 5.00— 7.00 6.50— 9.00 8.50— 9.50 13.00 & up 
MAJESTIC D 3.25— 4.50 5.25-— 6.25 7.00— 8.00 10.00—15.00 
MARK TWAIN D 4.50— 6.50 6.00— 8.50 8.50— 9.50 16.00 & up 
MAYFAIR D 4.00— 7.00 5.50— 8.00 8.00—12.00 15.00 & up 
MELBOURNE 4.50— 8.00 6.50— 8.50 8.50—11.00 17.00—25.00 
ROOSEVELT Reserved for mathematicians, $2.75 to $3.75 per bed. 
SHERATON 5.25— 8.85 8.00—11.00 9.00—12.50 11.00—30.00 
STATLER*D 4.00— 7.00 6.50— 9.50 7.50—11.00 21.50-—26.50 


% Hotels starred have sessions in their public rooms. For a list of the headquarters of each participating society and section, 
please see Association Affairs, Science, July 25, or The Scientific Monthly, August. 


D = downtown hotel; the other hotels (not downtown) are for the mathematicians primarily. 


THIS IS YOUR HOTEL RESERVATION COUPON ---- 
AAAS Housing Bureau 

Room 406—911 Locust St. 
St. Louis 1, Mo. 


Please reserve the following accommodations for the 119th Meeting of the AAAS in St. Louis, Dec. 26-31, 1952: 
TYPE OF ACCOMMODATION DESIRED 


Double-Bedded Room ..... Desived Bate o.ckcccses Maximum Rate ........ Number in party .........- 
Twin-Bedded Room ...... Rate Maximum Rate ........ 

BOE ccnwesectecoisesivs Desired Rate ..cccvcces Maximum Rate ........ Sharing this room will be: 


(Attach list if this space is insufficient. The name and address of each person, including yourself, must be listed.) 


Second Choice Hotel ............. Third Choice Hotel 
(These must be indicated—add approximate hour, a.m. or p.m.) 
(Individual requesting reservation) (Please print or type) 
(Street) (City and Zone) (State) 


Mail this now to the Housing Bureau. Rooms will be assigned and confirmed in order of receipt of reservation. 
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RADIO-ACTIVE 
STEROIDS 


Immediately 
Available 


Estrone 16-C* 


Activity per mg. Price per mg. 
2.7 microcuries $50.00 


Estradiol 16-C* 


Activity per mg. Price per mg. 
2.7 microcuries $65.00 


Progesterone 21-C™* 


Activity per mg. Price per mg. 
2.25 microcuries $40.00 


Desoxycorticosterone acetate 
21-C* 


Activity per mg. Price per mg. 
2.25 microcuries $40.00 


Form A.E.C. 374 and 
Form N.R.C. - C.R. 
247 (Canada) must ac- 
company each order. 


For further information, write to: 


Charles &.Frosst & Co. 


P. O. Box 247 


Montreal, P. Q. Canada 


Séptember 26, 1952 


RESEARCH 
BIOCHEMICALS 


For 


INVESTIGATIONAL USE 


WRITE FOR 


NEW 
CATALOGUE 


#58 975 


Listing over 600 
Research Biochemicals 


TYPICAL NBCo. PRODUCTS 
AMINO ACIDS 


A complete selection of more than 90 amino 
acids of maximum purity. Including natural L + 
synthetic DL and resolved L and D amino acids. 


NUCLEOPROTEINS - PURINES 
PYRIMIDINES 


Adenosine Triphosphate * Adenine + Adenylic 
Acid * Cozymase * Cytidine * Cytidylic Acid + Cyto- 
sine * Desoxyribonucleic Acid * Fructose and Glu- 
cose Phosphates + Glutathione * Guanine and Salts « 
Guanylic Acid * Hypoxanthine * Inosine + Nucleates 
* Ribose Nucleic Acid * Desoxyribonucleic Acid + 
Ribose * Protamine * Thymine Uracil * Uridine 
* Uridylic Acid * Xanthine + Xanthosine. 


“VITAMIN FREE” CASEIN 
(Hot Alcohol Extracted) 


A valuable source of protein nitrogen of excep- 
tional purity for incorporation into diets to produce 
vitamin deficiencies. 


MISCELLANEOUS BIOCHEMICALS 


Alpha Keto Glutaric Acid * Cytochrome C * 
Glutamine + Dopa + Glycogen * Heparin + Lysozyme 
* Crystalline Vitamins + Crystalline Carbohydrates 
* Fatty Acids * Growth Factor Analogs * Enzymes 
* Biological Test Diets + Alkaloids. 
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If you can see it 

with your microscope, 
you can photograph it... 
with the 


BAUSCH & LOMB 
EYEPIECE CAMERA 


Photograph what you want ... whenever you want... with your micro- 
scope! You’ve got your own low-cost photomicrographic department 
at your fingertips with the efficient new Bausch & Lomb Eyepiece 
Camera. Viewing head and camera fit microscope eyepiece tube. . . 
enable you to make your own transparencies, projection slides, work- 
in-progress records. 


35mm camera on B&L Model 
EDN Research Microscope 


@ Choice of cameras 


35mm roll film unit 
2%" x 3%” film pack or cut film 
unit 


® Color and black and white 


®@ Simultaneous focus of visual and film 
images provides top quality 


WRITE for demonstration and com- 
plete information. Bausch & Lomb 
Optical Company, 642-31 St. Paul St., 
Rochester 2, N. Y. 
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Distributions of Ability of Students 
Specializing in Different Fields 


Dael Wolfle and Toby Oxtoby 


Commission on Human Resources and Advanced Training, Washington, D. C. 


T IS OF INTEREST TO KNOW how students 
who choose one field of specialization resemble 
or differ from those who enter another. It is now 
possible to compare different student groups in 

terms of their distributions of scores on standard tests 
of academic aptitude, for substantial data on this 
point have been developed by the Commission on 
Human Resources and Advanced Training in its 
studies of the current supply of people in each of the 
high-level fields of specialization and of students po- 
tentially qualified for work in those fields. 

Table 1 gives test scores, converted to the Army 
General Classification Test seale, of students in each 
of a number of fields of specialization. On the AGCT 
scale the average person in the total population earns 
a score of 100. The standard deviation of the scale is 
20 points, which means that 68 per cent of the total 
population makes scores between 80 (100 minus 20) 
and 120 (100 plus 20). Five seores are given for each 
field. These five represent the 10th, 25th, 50th, 75th, 
and 90th percentiles of each distribution. If there were 
100 people in a group, and if they were lined up in 
order from the one with the lowest to the one with the 
highest seore, the figures in the table would represent 
seores made by the 10th, 25th, 50th, 75th, and 90th 
persons in the line. For a single comparison of the 
fields, the 50th percentile, or median, score is the most 
useful. In each group half the members exceeded and 
half fell below this point. For most fields two, and for 
some fields three, sets ef scores are given. The desig- 
nation AB for a set of scores means that it applies to 
students who have recently received bachelor’s degrees 
with major work in the field specified. The designation 
graduate student indicates scores for recently enrolled 
graduate students. The designation PhD, which ap- 
pears only for some of the scientific fields, indicates 
the scores of students who have recently received doe- 
torates. 

Seores for the AB and graduate student groups 
printed in italies are weighted totals. The proportions 
of students in our samples who specialized in each 
field did not always match the total national propor- 
tions. In computing score distributions for total 
groups we weighted the separate fields in order to 
let each contribute to the total in proportion to the 
number of degrees currently being given in that field 
in the country as a whole. Table 1 therefore permits 
comparisons between general areas—e.g., natural sci- 
ences and social sciences—as well as comparisons be- 
tween individual fields—e.g., chemistry and economies. 
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Before individual fields are diseussed, it is worth 
while to compare the total groups with the general 
population. The average person earning a bachelor’s 
degree scores about 126 on the AGCT seale. About 10 
per cent of the total population earns a score this 
high. The average graduate student gets a score of 
around 129. About 7 per cent of the total population 
does as well. The average PhD in the sciences makes 
a score of approximately 138. Only about 2 per cent 
of the total population makes a score that high. 

Students specializing in some areas make scores 
that average higher than the figures just given, 
whereas students specializing in other fields average 
lower, but all the groups are substantially superior 
to the total population. At the undergraduate level 
the difference between the highest field, physies, and 
the lowest, physical education, is less than the differ- 
ence between physical education and the population 
average. At the PhD level, the spread between the 
highest field, physies, and the lowest, agriculture, is 
smaller than the difference between the average PhD 
in the sciences and the average AB. 

Clearly, all the fields requiring college training at- 
tract students who average well above the general 
population. Yet there are consistent differences among 
the fields. In order, from top to bottom in terms of 
the median scores, students earning bachelor’s de- 
grees line up as follows: physical sciences (except 
chemistry), chemistry, engineering, law, English, for- 
eign languages, psychology, economies, geology and 
the earth sciences, biological sciences, fine arts, nursing 
(nurses with AB degrees), history, agriculture, busi- 
ness and commerce, humanities (except English and 
the foreign languages), social sciences (except his- 
tory and economies), education, home economies, and 
physical education. Students of physical sciences other 
than chemistry average two points higher than stu- 
dents of chemistry, the next field in line; and students 
of home economies and physical education are five and 
six points below students of education. In no other 
ease is the difference between adjoining fields more 
than one point on the AGCT seale. The exact ranks, 
therefore, are not to be taken too seriously. Repetition 
of the study on a different group of students might 
well change some of the ranks, but it is unlikely that 
the changes would be very great. Standard deviations 
of the medians vary, but almost all of them are less 
than one. 

Graduate students line up in approximately the 
same order. The largest change is for agriculture, 
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TABLE 1 


APTITUDE TEST ScoRE DISTRIBUTIONS OF STUDENTS SPE- 
CIALIZING IN DIFFERENT FIELDS OF STUDY 


Percentile scores (on AGCT 


Field of specialization scale) of each group 


10 25 50 75 90 


Natural Sciences 
AB 


114 121 28 185 143 
Graduate students 118 125 133 140 147 
PhD (Including Agri- 
culture, Engineering, 
and Psychology) 122 130 1388 148 168 
Chemistry 
AB 116 130 137 145 
Graduate students 118 126 134 142 148 
PhD 125 132 140 148 157 
Physical Sciences, other 
AB 116 123 132 138 149 
Graduate students 122 129 136 143 148 
PhD 123 «134 143 154 
Earth Sciences 
AB 114. 120 126 134 139 
Graduate students 114 121 129 137 144 
PhD 133 139 §=149 160 
Biological Sciences 
AB 112 119 126 133 140 
Graduate students 117 123 131 138 145 
PhD 120 127 134 142 150 
Psychology 
AB 113 128 135 142 
Graduate students 123 130 137 143 149 
PhD 125 133 142 155 163 
Social Sciences 
AB 110 117 125 132 139 
Graduate students 114 121 129 138 146 
Economics 
AB 114 120 127 134 142 
Graduate students 114 121 130 138 145 
History 
AB 110 «#118 125 1382 139 
Graduate students 114 121 129 136 
Other Social Sciences 
AB 108 115 123 131 137 
Graduate students 114 121 129 138 5 
Humanities and Arts 
AB 113 120 127 134 141 
Graduate students 115 122 130 139 146 
English 
AB 114 + 121 128 136 143 
Graduate students 120 126 134 141 147 
Languages 
AB 114 +121 128 135 142 
Graduate students 115 123 131 140 148 
Philosophy and other 
Humanities 
AB 109 118 123 1833 139 
Graduate students 117 126 135 142 148 
Fine Arts 
AB 112 119 126 182 £140 
Graduate students 112 119 126 135 143 
Engineering 
AB 115 122 129 £=137 145 
Graduate students 118 123 131 139 # £145 
PhD 121 131 138 149 153 
Applied Biology 
AB 106 114 121 187 1384 
Graduate students 117 4188 #129 186 141 
Agriculture 
AB 114 #119 #124 130 «137 
Graduate students 121 127 182 188 «#144 
PhD 113 121 130 £137 
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TABLE 1—(Continued ) 


Percentile scores (on AGCT 


Field of specialization seale) of each group 


10 25 50 75 90 


Home Economics 


AB 100 110 118 124 = 130 

Graduate students 110 116 121 127 130 
Health Fields 

Graduate students 116 123 180 187 144 
Medicine 


Medical school students 119 125 132 138 145 
Dentistry 
Dental school students 112 118 126 134 = 142 
Nursing 
AB 113. 119 #125 134 143 
Other 
(Graduate students in 
all fields except Medi- 
cine and Dentistry ) 116 1230 «1310S 138) 145 
B i and Cc ce 


AB 111 117 124 131 137 

Graduate students 112 119 126 133 140 
Education 

AB 105 114 122 129 186 

Graduate students 112 119 126 133 138 


Education, general 
AB 107 «131 


Graduate students 113 119 127 134 139 
Physical Education 
AB 99 110 #117 124 134 
Graduate students 108 115 120 125 129 
Other Fields 
Law 


Law school graduates 117 120 129 133 140 
Social Work 
Graduate students 112 119 126 132 138 
All Fields Combined 
(weighted averages ) 
AB 112 119 126 1383 140 
Graduate students 114 121 129 187 144 


which moves up from fourteenth place on the under- 
graduate list to sixth place on the graduate list. Medi- 
cine, which is here classed with the graduate degrees, 
ranks in seventh place, between agriculture and engi- 
neering. Dentistry comes in sixteenth place, between 
education and business and commerce. 

Our sample of people who have earned doctor’s 
degrees is limited to students of the sciences. In chem- 
istry, the earth sciences, engineering, physics, and psy- 
chology the distributions are much alike, with median 
seores ranging from 138 to 143. Students of the bio- 
logical sciences average four, and students of agricul- 
ture eight, points below the general average. 

There is overlapping among all the distributions. 
Students of the physical sciences are, in general, a 
superior lot, but some of them fall below the average 
student of home economies or physical education. Stu- 
dents in those fields are, in general, considerably less 
highly selected, but some of them score above the 
median student of physics. 

Without exception, graduate students in a field are 
more highly selected than are undergraduates, but for 
some fields the differences are small. The median scores 
for AB’s and graduate students in the fine arts are 
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exactly the same, but the 75th and 90th percentile 
points are a little higher for graduates. Only two 
points separate the two medians for engineers and for 
students of business and commerce, At the other ex- 
treme, the two medians for philosophy and the other 
humanities (exeluding English and the foreign lan- 
guages) are 12 points apart. In some fields the typi- 
eal graduate student is clearly much more superior to 
the typical student earning a bachelor’s degree than 
is the ease for other fields. 

The discussion so far has centered around the stu- 
dents who specialize in a particular field. It is also 
possible to study the way in which students of a par- 
ticular level of ability divide up among the fields of 
specialization. How, for example, are the very best 
students distributed among the different disciplines? 
The earlier discussion has demonstrated that the gen- 
eral quality level differs from field to field. We know, 
too, that some specialties attract many more students 
than do others. A large field may therefore include 
numerically more of the top quality students than does 
a small field, even though proportionally it includes 
fewer. The top fifth of all graduate students, in terms 
of placement on the AGCT seale, divide themselves up 
as follows: 18 per cent major in one of the natural 
sciences, 6 per cent in psychology, 8 per cent in the 
social sciences, 14 per cent in the humanities and arts, 
9 per cent in engineering, 2 per cent in agriculture, 7 
per cent in medicine, 4 per cent in the other health 
fields, 3 per cent in business and commerce, 17 per 
cent in education, and 13 per cent in other fields. 
Every field draws some of the top quality students and 
thus includes some men and women who are able to 
exercise the kinds of intellectual leadership indicated 
by high scores on tests of general ability. 

The top 10 per cent of graduate students in all 
but four fields (home economies, education, physical 
education, and social work) of the 24 listed in Table 1 
score at 140 or above on the AGCT. A score of 140 
is earned by less than 2 per cent of the general popu- 
lation. In nearly every field, therefore, 10 per cent or 
more of the graduate students come from the top 1 or 
2 per cent of the population. 

The fields differ considerably, however, in propor- 
tion of their membership composed of these intellee- 
tually most gifted students. For each top quality stu- 
dent (upper fifth of all graduate students) in the 
natural sciences there are two others of lesser endow- 
ment. For each one in the humanities and arts there 
are three of lesser ability. In the social sciences the 
top level people are each working with four of lesser 
ability. In physical education the very bright graduate 
students must be pretty lonely indeed; for every stu- 
dent from the top group there are some 35 from lower 
levels. 

It is also of interest to know where the poorest 
quality of graduate students go. Again the answer 
depends partly upon the size of the field and partly 
upon its differential attractiveness to students of dif- 
ferent ability levels. The combined result is of this 
order : of the bottom one fifth of all graduate students, 


September 26, 1952 


in terms of the AGCT seale, about 6 per cent are in 
the natural sciences, 1 per cent in psychology, 6 per 
cent in the social sciences, 10 per cent in the humani- 
ties and arts, 5 per cent in engineering, 3 per cent in 
agriculture and home economies, 4 per cent in medi- 
cine, 5 per cent in dentistry, 1 per cent in the other 
health fields, 8 per cent in business and commerce, 46 
per cent in education, and 6 per cent in other fields. 
There are many more graduate students in education 
than in any other field, but even so, one of the sad 
effects of the low salaries and low prestige accorded 
to the nation’s school teachers is the fact that nearly 
half of the lowest fifth of graduate students in the 
country are working for advanced degrees in educa- 
tion. They will be guiding the development and in- 
fluencing the career choices of the next generation of 
students. 

In considering the data presented above it is neces- 
sary to ask how representative our samples are of all 
students in the country. No one knows the character- 
isties of the entire student population, so a precise 
statistical answer is impossible. All that we ean do is 
to describe our samples. 

Data on persons receiving bachelor’s degrees came 
from a study of recent graduates of 40 colleges and 
universities. Each of these schools supplied to the 
Commission a number of items of information for 
each student who enrolled in the fall of 1946. (Some 
schools also supplied data on 1944 and 1945 entrants.) 
Approximately 10,000 of these students have since 
graduated, and they constitute the population at the 
bachelor’s degree level upon which we have reported. 
The 40 schools were widely seattered geographically 
and quite diverse in type of control, size, and charac- 
teristics of their student bodies. Some had high ad- 
mission standards and some rather low standards. A 
separate analysis of returns from the first 18 schools 
gave results substantially similar to the results for the 
entire 40. 

For the study of graduate students the University 
of Washington in Seattle supplied scores on the Miller 
Analogies Test of all applicants for admission to the 
graduate school during 1950. The University of Pitts- 
burgh furnished seores on the same test for all re- 
cipients of graduate degrees during the period 1949- 
51. The Psychological Corporation gave us the scores 
of small samples of graduate students from 40 other 
universities. When these three sets of scores were 
analyzed according to the major fields of study, the 
distributions were sufficiently similar so that the data 
from all three sourees were combined to give a total 
population of approximately 4500 graduate students. 

Records of students earning doctor’s degrees came 
from a more limited study. The Office of Scientific 
Personnel of the National Research Council provided 
the names of men and women who have earned PhD 
degrees in the sciences since 1940. Those whose under- 
graduate work had been done in an Ohio or a Min- 
nesota college were selected for study, because from 
those two states it was possible to get test scores and 
other background information from high school and 
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college years. Test scores were available for 1100 of 
the 1300 students included in this study. 

Support for the assumption that our samples were 
reasonably representative comes from a comparison 
of our findings with other data. There have been scat- 
tered reports comparing the students in one field with 
those in other fields at the same college or university. 


TABLE 2 
Mean score 
of college 
poe seniors on 
Field of specialization AB’ SSCQT 
( (converted 
Table 1) — 
Physical sciences (including 
chemistry and earth sci- 
ences) 130 132 
Biological Sciences 126 126 
Social Sciences 125 128 
Humanities 127 128 
Engineering 129 132 
Agriculture 124 122 
Business and Commerce 124 126 
Education 122 118 
Total group 126 128 


We have examined these reports and have also com- 
pared the data with analyses of the score distributions 
of students graduating with different majors during 
the past 30 years from the Ohio State University. The 
recently published analysis' of the scores made by 

1A Summary of Statistics on Selective Service College 


Qualification Test. Statistical Report 52-1. Princeton, N. J.: 
Educational Testing Service (Jan. 22, 1952). 


different groups of students taking the Selective Ser- 
vice College Qualification Test makes it possible to 
compare our data with the scores of the 38,420 col- 
lege seniors who took the SSCQT during 1951. Aver- 
age scores for approximately comparable groups are 
given in Table 2. 

The conversion of SSCQT scores to AGCT scores 
is an approximation; one column gives means and the 
other medians; the SSCQT sample consisted of a self- 
selected group of men, whereas our sample consisted 
of all men and women graduates from a selected list 
of colleges. Nevertheless, the agreement between the 
two sets of data, together with the other lines of evi- 
dence outlined above, indicates that the scores pre- 
sented in Table 1 can be accepted as reasonably 
good estimates of the distributions of ability of stu- 
dents currently being trained in the United States for 
work in scientific and other fields of specialization. It 
seems reasonable to accept 126 as a fair estimate of 
the median score of graduates of colleges and univer- 
sities. Other Commission data indicate, however, that 
if all types of degree granting institutions were in- 
cluded the median would be a few—perhaps five— 
points lower. But changing the estimated median 
would not affect the field-to-field comparisons. Those 
are so consistent from one set of data to another that 
they can be accepted with a good deal of confidence. 

In conclusion, those fields which have reputations of 
requiring abstract and rigorous thinking (e.g., physics, 
chemistry, law) attract students who are, on the aver- 
age, superior to those who major in traditionally 
“easier” subjects (e.g., business and commerce or 
education). But the distributions all overlap; every 
field attracts some of the mediocre students; every 
field attracts some of the brightest. 


News and Notes 


Scientists in the News 


Nathan Birnbaum, associate professor of chem- 
istry, has returned to the City College of New York 
after a three-year leave of absence, during which he 
was on active military duty as lieutenant colonel 
with the Chemical Corps, U. 8. Army. Dr. Birnbaum 
will remain associated with the Chemical Corps as 
a consultant to the Research and Engineering Com- 
mand, Army Chemical Center, Md. 


Columbia University Engineering School’s new 
Aeronautical Structures Laboratory has added Bruno 
A. Boley to its staff as associate professor of civil 
engineering. Dr. Boley goes to Columbia from Ohio 
State University, where he was in charge of the struc- 
tures curriculum and research in the Department of 
Aeronautical Engineering. 


Elias Cohen has been appointed instructor of 
pathology at the School of Medicine, University of 
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Oklahoma, as well as assistant director of the clinical 
laboratories of the teaching hospital. He will extend 
the quantitative immunological studies that he was 
conducting at Rutgers University. 


Horace C. Dudley, USN, has been relieved as head 
of the Allied Sciences Section, Medical Service Corps, 
by L. A. Barnes. For the past five years, Comdr. 
Dudley has also been chief of the Biochemistry Di- 
vision, Naval Medical Research Laboratory, Bethesda, 
Md. His new assignment is as head of the Radio- 
isotope Laboratory, U. 8. Naval Hospital, St. Albans, 


Howard E. Evans, associate professor in entomology 
at Kansas State College, has resigned to accept a 
position at Cornell University, sueceeding J. C. 
Bradley, retired (Scrmnoe, 115, 7 [1952]). 


K. P. Ewing, who for 32 years has served as re- 
search entomologist with the USDA Cotton Insects 
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Division, has been chosen to coordinate the coopera- 
tive research programs of USDA and various states 
and other agencies set up to bring the pink bollworm 
under control. Named as special assistant to the 
leader of the division, Mr. Ewing will be responsible 
for all USDA cotton insect surveys and research in 
Texas and Oklahoma. The Oscar Johnston Cotton 
Foundation, Memphis, Tenn., is cooperating with 
the USDA in its efforts to develop more effective 
pink bollworm control measures, and Mr. Ewing will 
administer this cooperation as it relates to the Bureau 
of Entomology and Plant Quarantine. 


Harold V. Gaskill has accepted the chairmanship 
of the Committee on Highway Safety Research of the 
National Research Council, succeeding E. R. Hilgard, 
dean of graduate studies, Stanford University, who 
has consented to remain a member of the committee. 
Dr. Gaskill is dean of the Division of Science and di- 
rector of the Industrial Sciences Research Institute, 
Iowa State College, Ames. He is at present on leave 
in Washington, serving as chief scientist and deputy 
chief of research and development, Office of Chief 
of Staff, U. S. Army. T. W. Forbes, executive secre- 
tary of the committee, has resigned from his position 
as associate professor of psychology at the Univer- 
sity of Hawaii, in order to continue in his present 
capacity with the committee and to accept the addi- 
tional appointment as technical director. 


Mead Johnson & Company, Evansville, Ind., have 
appointed Ben King Harned executive director of re- 
search, with responsibility for all laboratory activi- 
ties of the company. 


Two research chemists of the Corning Glass Works 
will be awarded John Price Wetherill Medals by The 
Franklin Institute for their discovery of a new process 
for manufacturing glass. They are Harrison P. Hood 
and Martin E. Nordberg, both of Corning. The Frank 
P. Brown Medal will be given to Fred N. Severud, of 
New York City, for his engineering accomplishments 
in the field of building construction; Cyril Stanley 
Smith, professor of metallurgy and director of the 
Institute for the Study of Metals at the University 
of Chicago, a former member of the Manhattan 
Project, will be awarded a Francis J. Clamer Medal 
for his metallurgical contribution to the development 
of atomie energy during and since World War II; 
Alfred J. Buchi, of Winterthur, Switzerland, an 
authority on Diesel engines will receive the George 
R. Henderson Medal; and H. Birchard Taylor, Phila- 
delphia engineer and industrialist, will be awarded 
an Elliott Cresson Medal. Formal presentation of the 
medals and awards will take place at the institute’s 
annual Medal Day ceremonies in Franklin Hall 
Oct. 15. 


The David Sarnoff Gold Medal Award will be 
presented to A. G. Jensen, director of Television Re- 
search, Bell Telephone Laboratories. The medal, pre- 
sented each year in recognition of recent technical 
contributions to the art of television by RCA’s Chair- 
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man of the Board General Sarnoff, was instituted 
last year, when Otto H. Schade was the first recipient. 
Mr. Jensen is chairman of the Standards Committee 
of the Institute of Radio Engineers. In Europe this 
year, he was awarded the G. A. Hagemann Gold 
Medal by the Royal Technical College for his con- 
tributions to the field of engineering research. 


Gretchen Ann Margaret, of the University of Wis- 
consin Psychology Department, has resigned to take 
a position in psychiatry with the College of Medicine 
of the University of Illinois. Professor Margaret went 
to Wisconsin in 1945 after teaching at Stanford Uni- 
versity. 


Bastiaan J. D. Meeuse, formerly acting head of 
the Biochemical Laboratory at Delft, Holland, has 
joined the staff of the Department of Botany at the 
University of Washington. Dr. Meeuse will teach plant 
physiology and plant biochemistry and will continue 
his research on the biochemistry of polysaccharides. 


Douglas Geoffrey Northcott has succeeded A. G. 
Walker in the chair of mathematies in the Univer- 
sity of Sheffield. In 1947 he took up a Princeton fel- 
lowship, and while in the U. §. he was elected to a 
research fellowship in St. John’s College, Cambridge. 
Soon after his return to England in 1949 he was ap- 
pointed a university assistant lecturer at Cambridge, 
becoming a full university lecturer in 1951 in the 
geometry school. 


William F. O’Connor has been named chairman 
of the Chemistry Department at Fordham University. 
Dr. O’Connor went to Fordham in 1947 as an asso- 
ciate professor of chemistry and chairman of the re- 
search committee. In 1950 he was appointed director 
of the Fordham Research Foundation. 


H. Neil Richardson, of Syracuse University, has 
been appointed fellow for 1952-53 in the School of 
Jerusalem. He will work in the school’s archaeological 
programs at ancient Jericho and Dhiban in the Hashe- 
mite Kingdom of the Jordan. 


Herschel Roman, professor of botany at the Uni- 
versity of Washington, will spend a sabbatical year 
as a Guggenheim fellow working with Boris Ephrussi 
at the University of Paris on the geneties of yeast. 
Before returning to the U. 8. in September 1953, Dr. 
Roman will visit yeast genetics laboratories in Den- 
mark, Sweden, and England, and will also attend the 
International Geneties Congress in Bellagio, Italy. 


Merritt P. Sarles has been appointed associate pro- 
fessor of biology at the Catholic University of Amer- 
ica, where he will teach and direct graduate work in 
parasitology. Dr. Sarles was formerly parasitologist 
and toxicologist with the Entomological Division, U. 8. 
Industrial Chemicals Co., of Baltimore, Md., and 
brings to his new position a wide range of experience 
attained in the Bureau of Animal Industry and Ento- 
mology, in the Department of Bacteriology and Para- 
sitology of the University of Chieago, and in the De- 
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partment of Animal Pathology of the Rockefeller In- 
stitute for Medical Research at Princeton, N. J. 


Roland B. Scott, head of the Howard University 
Department of Pediatrics, recently returned from a 
tour of European pediatric teaching centers in Lon- 
don, Neweastle-upon-Tyne, Birmingham, Manchester, 
Edinburgh, Stockholm, and Paris. While in London, 
Dr. Seott gave a guest lecture at the Great Ormond 
Street Hospital for Sick Children on “Management 
of Bronchial Asthma in Childhood.” 


Seton H. Thompson, chief of the Fish and Wildlife 
Service’s Branch of Alaska Fisheries, has been ap- 
pointed by President Truman as one of the two U. S. 
members of the International Fisheries Commission. 
Mr. Thompson succeeds Milton C. James, who retired 
Mar. 13 as assistant director of the Service (ScrENcE, 
116, 51 [1952]). Mr. Thompson has been associated 
with the Fish and Wildlife Service and its predecessor 
agency, the Bureau of Fisheries, since 1926. 


Norman H. Topping, of the U. S. Public Health 
Service, has been appointed vice president of the Uni- 
versity of Pennsylvania in charge of medical affairs, 
effective Nov. 1. Dr. Topping is associate director of 
the National Institutes of Health at Bethesda, Md. 
As medical vice president, Dr. Topping will be the 
principal administrative officer of the university’s 
whole medical program—the School of Medicine, 
Graduate School of Medicine, School of Dentistry, 
School of Veterinary Medicine, School of Nursing 
Education, School of Auxiliary Medical Services, 
and the related hospitals and laboratories. 


Frits W. Went, professor of plant physiology and 
head of the Earhart Plant Research Laboratory at the 
California Institute of Technology, has undertaken a 
lecture tour through western Europe. In London he 
will attend the International Horticultural Congress, 
where he will speak on the control of plant growth. 
He plans to visit all the major agricultural experi- 
mental stations in England, the Netherlands (his 
birthplace), Denmark, Sweden, Germany, Switzer- 
land, and Belgium. He will confer with other scien- 
tists on construction of laboratories similar to Ear- 
hart, and will visit the only other similar installation, 
located in Liége. 


Education 


Armour Research Foundation of Illinois Institute 
of Technology has named Francois J. Olmer, of 
Celanese Corporation, research physical chemist. Dr. 
Olmer, a specialist in high polymer physics, came to 
this country in 1940, shortly after the Nazi invasion 
of Paris, as a research associate at the University of 
Missouri. Illinois Tech has promoted the following 
staff members: John G. Duba (civil engineering), 
Lewis P. Elbinger (electrical engineering), and 
Maurice D. Kilbridge (industrial engineering). 


The following scientists have joined the Physics 
Department and Radiation Laboratory staffs of the 
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University of Pittsburgh: Edward Gerjuoy, of New 
York University; Jan Yntema, of Princeton; and 
James McGruer and William Benesch. Dr. Benesch 
is currently in Liége, where he is working in the 
laboratories of the Astrophysical Institute, under 
Marcel Migeotte (Science, 116, 270 [1952]). 


Purdue University has added five members to the 
teaching and research staff of the Department of Bio- 
logical Sciences: A. B. Burdick, of the University of 
Arkansas (genetics); Merwin Moskowitz, of Yale 
(medical bacteriology and immunochemistry) ; James 
M. MeFadden, of St. Elizabeth’s Hospital (medical 
pathology) ; Harold Garner (microbial genetics) ; and 
Seymour Benzer, of the Department of Physies, who 
has been on leave at the University of Paris (bio- 
physies). 


In a joint project of the University of Texas M. D. 
Anderson Hospital for Cancer Research, the Hogg 
Foundation for Mental Hygiene, and the Department 
of Psychology at the university in Austin, a medical 
psychology training research program will be started 
this year at the hospital in Houston. Staff members 
will inelude Beatrix Cobb and John I. Wheeler, Jr. 


Grants and Fellowships 


The American Society for Metals has given three 
eash prizes of $2000 each for the best teaching in the 
field of metallurgical engineering in 1951-52. The 
prizes, to be awarded during the National Metal Con- 
gress in Philadelphia, Oct. 20-24, will go to Arthur 
A. Burr, of Rensselaer Polytechnic Institute; Joseph 
W. Spretnak, of Ohio State; and Robert D. Stout, 
of Lehigh. 


General Motors Corporation has established a gradu- 
ate fellowship in electrochemistry at the University 
of Michigan, which will be offered for the first time 
in 1952-53. Applicants should write at once to Alfred 
L. Ferguson, Department of Chemistry, University of 
Michigan, Ann Arbor. 


The Hematology Research Foundation, organized in 
1943 to provide funds for research on leukemia, 
Hodgkin’s, and other blood diseases, has awarded the 
Ruth Berger Reader Fellowship to Herbert M. Rub- 
instein, of Michael Reese Hospital, Chicago. Other 
grants were made to Robert M. Kark, University of 
Illinois; I. Davidsohn, Mt. Sinai Hospital; Allen H. 
Minor, Lenox Hill Hospital, New York; and Howard 
L. Alt, Northwestern University Medical School. 


The Lasdon Foundation has made a grant of $20,- 
000 to Alvin Coburn, director of the Rheumatic Fever 
Institute, Northwestern University Medical School, for 
further research in that field. The institute has head- 
quarters in the Municipal Hospital for Contagious 
Diseases, Chicago, and draws its material from low-in- 
come areas. 


The Louis Livingston Seaman Fund, of the New 
York Academy of Medicine, has $1900 available for 
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research in bacteriology and sanitary science in 1952. 
Applications from institutions or individuals shouid 
be addressed (before Dec. 1) to Wilson G. Smillie, 
1300 York Ave., New York 21. 


In the Laboratories 


American Cyanamid Company, Caleo Chemical 
Division, has appointed Ames B. Hettrick manager 
of the new Engineering and Development Depart- 
ment, which consolidates all engineering and process 
development functions that were previously part of 
the Production and Technical departments. Alden R. 
Loosli will become assistant to the general man- 
ager of the division on Jan. 1, and V. E. Wellman 
will become assistant manager of the Intermediate 
and Rubber Chemicals Department. 


The H. Fletcher Brown Laboratory at the Univer- 
sity of Delaware will be dedicated Oct. 18 in cere- 
monies that will inelude addresses on chemical reaction 
kinetics by Farrington Daniels, of the University of 
Wisconsin, and Richard Wilhelm, of Princeton. The 
addresses will be followed by discussions of research 
in progress in chemical engineering and chemistry and 
a tour of the laboratory. All interested scientists are 
invited to attend. 


Chemstrand Corporation has appointed the follow- 
ing chemists to its staff at the Decatur (Ga.) Acrilan 
plant: Carlyle J. Stehman, William T. Dye, Jr., 
Arthur B. Beindorff, James W. Stoops, Howard A. 
Chamberlin, Garnett L. Wade, Jr., and Daniel L. 
Worth. 


General Electric Research Laboratory is beginning 
a one-year study of long-distance weather migrations 
and cloud physies for the Office of Naval Research. 
Irving Langmuir will conduct the research in weather 
movements, devoting full time to the project. The 
laboratory study of cloud physies will be conducted 
by Vineent J. Schaefer and Raymond E. Falconer. 
The new project has no connection with Project 
Cirrus, joint weather research program of the Army 
Signal Corps and ONR. 


The Glenn L. Martin Company has appointed 
Howard W. Merrill chief electromechanical engineer 
and has promoted Giles J. Strickroth, Sanford Hersh- 
field, and Fred B. Haynes, in a reorganization of the 
Electronics Department. Charles A. Blaney, Jr., for- 
merly production manager, has been made manager of 
Plant 2, where Martin is building the B-57A bomber 
for the USAF. George A. Huggins will succeed Mr. 
Blaney. 


Directors of E. R. Squibb & Sons and of Mathieson 
Chemical Corporation have adopted a merger agree- 
ment that will be submitted to shareholders for ap- 
proval at special meetings on Sept. 30. Under the 
terms of the agreement, Mathieson Chemical, which 
was founded in 1892, will be the surviving corporation. 
Thomas §. Nichols, Mathieson president, will be 
president and chairman of the board of the merged 


September 26, 1952 


corporation. Squibb will be operated as a separate 
division and will retain the name and continue the 
policies and standards of the 94-year-old pharma- 
ceutical house. 


Meetings and Elections 


A memorial meeting for Franz M. Groedel will be 
held by the American College of Cardiology at the 
New York Academy of Medicine Oct. 14 at 8:30 p.ar. 
The program will consist of a symposium on critical 
evaluation of graphic registrations, a field in which 
Dr. Groedel, first president of the college, made funda- 
mental contributions. J. E. Smith, CAA; John S8. 
Graettinger, U. S. Naval School of Aviation Medi- 
cine; and Hubert Mann, Bruno Kisch, and Arthur 
Briskier will be among the speakers. Simon Dack 
will preside. 


The American Dental Association (AAAS Section 
N associate) has named Leslie M. FitzGerald, of 
Dubuque, Iowa, president-elect. Otto Brandhorst, 
dean of Washington University School of Dentistry, 
was installed as president. Henry F. Westhoff, Fritz 
A. Pierson, and John F. O’Keefe were installed as 
vice presidents, and Harold Hillenbrand and H. B. 
Washburn were re-elected secretary and treasurer, 
respectively. The 1953 meeting will be held in Cleve- 
land, Sept. 28—Oct. 1. 


At the annual meeting of the American Political 
Science Association (affiliated with AAAS Section K) 
Pendleton Herring, president of the Social Science 
Research Council, beeame president, succeeding 
Luther Gulich. Ralph J. Bunche was named presi- 
dent-elect, and Charles Aikin, Charles MeKinley, 
and E. E. Sehattschneider were elected vice presi- 
dents. Walter H. Bennett, Hugh A. Bone, Robert A. 
Dahl, David Fellman, Victor Jones, Jack W. Peltason, 
Emmette S. Redford, and Clinton L. Rossiter were 
elected to the executive Council. 


The Central States Section of the Botanical Society 
of America has elected John Winter, of the University 
of South Dakota, chairman, and Dwight M. Moore, 
of the University of Arkansas, vice chairman. Elzada 
U. Clover, of the University of Michigan, was elected 
to the Executive Committee. 


The Building Research Advisory Board of the Na- 
tional Research Council—National Academy of Sci- 
ences will hold a conference on “Housing and Build- 
ing in Hot-Humid and Hot-Dry Climates” Nov. 18-19 
in Washington, D. C. Among the speakers will be 
Ralph Walker, Douglas H. K. Lee, Vietor Olgyay, 
Albert Mayer, Aladar Olgyay, Robert H. Reed, Rob- 
ert Deering, George M. Rapp, R. F. Dawson, J. Neils 
Thompson, W. R. Woolrich, G. E. Sutton, L. Thorn- 
burg, and T. H. Urdahl. Panel diseussions will be held 
following each session. Registration forms may be ob- 
tained from the board, 2101 Constitution Ave., N.W., 
Washington 25, D. C. 


Under the auspices of the Committee on Lipopro- 
teins and Atherosclerosis, a technical symposium will 
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be held at the Knickerbocker Hotel, Chicago, Nov. 8, 
just preceding the annual meeting of the American 
Society for the Study of Arteriosclerosis. The com- 
mittee was established in 1950 by the National Ad- 
visory Heart Council to plan and direct a coopera- 
tive study involving the determination of serum 
lipoprotein by the ultracentrifuge flotation technique. 
The symposium will not include a discussion of the 
results of the study, which has not yet been completed, 
but will deal with various technical problems. Those 
who wish to attend should make their own hotel 
reservations, but should notify J. Franklin Yeager, 
National Heart Institute, Bethesda 14, Md., from 
whom further information may be obtained. E. Cowles 
Andrus will serve as chairman of the meeting. 


The Society for Applied Spectroscopy has elected 
E. J. Rosenbaum, of Sun Oil Co., president and Van 
Zandt Williams, of Perkin-Elmer Corporation, vice 
president. Charles Jedlicka, of Lucius Pitkin, Ine., 
and Charles H. North, of National Lead Co., were 
elected secretary and treasurer, respectively. 


Miscellaneous 


The Atomic Energy Commission Committee of 
Senior Reviewers has been increased from four to 
six members. New committee members are R. H. 
Crist, J. R. Richardson, Thomas BR. Drew, and John P. 
Howe. Warren C. Johnson and J. M. B. Kellogg were 
reappointed, and W. F. Libby and R. L. Thornton 
resigned because of the press of other duties. Mem- 
bership on the committee is for a five-year term. 


The Division of Chronic Disease and Tuberculosis 
of the Bureau of State Services, USPHS, has estab- 
lished a program in the hygiene of aging. Cletus L. 
Krag, former research assistant, Division of Geron- 
tology, Washington University School of Medicine, 
wiil direct the work, which is designed to demonstrate 
how state and local health departments can help 
meet the needs of our rapidly increasing population 
of persons over 65. 


The National Geographic Society will support a 
comprehensive oceanographic expedition that will 
spend the next four years in undersea explorations 
around the globe. Leader of the expedition, which has 
the official backing of the French government and 
the French Academy of Sciences, will be Jacques- 
Yves Cousteau, coinventor of the Aqualung. The ex- 
pedition ship is the Calypso, a converted American 
minesweeper. During the first two years the expedition 
will work in the Sargasso Sea, off Bermuda, at the 
mouth of the Amazon, along the coast of Patagonia, 
and in the Wedell Sea. The second two years will be 
spent off New Zealand, in the Ross Sea, along the 
Great Barrier Reef, in the Arabian Sea, and along 
the seacoast of Africa. 


New journals received : Japanese Journal of Ichthy- 
ology (Japanese, with English abstracts). Bimonthly; 
Vol. I, No. 1, August 20, 1950. $4.50. Japanese So- 
ciety of Ichthyologists. Publishing office: Nippon 
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Gyogaku Shinko Kai, Tsukiji, 5-chéme, 1-banchi, 
Kyobashi, Tokyo. . . . Japanese Journal of Phar- 
macology. Official publication of the Japanese Phar- 
macological Society. Replaces Japanese Journal of 
Medical Sciences, Part IV, Pharmacology. Semi- 
annual; Vol. I, No. 1, Sept. 1951. Editorial Office: 
e-o Department of Pharmacology, Faculty of Medi- 
cine, Kyoto University, Kyoto. ... The Keio Journal 
of Medicine. Quarterly; Vol. 1, No. 1, Jan. 1952. 
$4.00, including postage; School of Medicine, Keio 
University, Shinjuku-ku, Tokyo. ... The Kumamoto 
Medical Journal. Quarterly; Vol. 4, No. 2, Dee. 30, 
1951. Kumamoto University College of Medicine, 
Kumamoto, Japan. ... Kyushu Memoirs of Medical 
Sciences (English and other languages). Vol. 1, No. 1, 
June 1950. Kyushu University Faculty of Medicine, 
Fukuoka, Japan. ... Museum Pictorial. Four or more 
issues per year, each restricted to a single title; No. 1, 
Feb. 1, 1951. 50¢ each, plus 6¢ postage. Denver 
Museum of Natural History, City Park, Denver, Colo. 
... Revista Chilena de Entomologia (uses language of 
its writers). Facultad de Filosofia y Educacién 
(Universidad de Chile) y de la Sociedad Chilena de 
Entomologia. Vol. 1, 1951. $3.50 U.S. . . . Scientific 
Papers of the College of General Education, Univer- 
sity of Tokyo. Semiannual; Vol. 1, No. 1, Oct. 1951. 
. . . Tlatoani (Spanish). Boletin de la Sociedad de 
Alumnos de la Escuela Nacional de Antropologia e 
Historia, México, D. F. Bimonthly; Vol. I, No. 2, 
March-April 1952. $1.50 U.S. ... Transactions of the 
American College of Cardiology. Vol. I, 1951. Publi- 
cation Committee: 140 W. 57th St., New York 19. 

The Ordnance Development Division of the Na- 
tional Bureau of Standards has been reorganized into 
Divisions 13, 16, and 17, which will deal with Ord- 
nance Development Programs A, B, and C. New chiefs 
of the divisions are M. G. Domsitz, Jacob Rabinow, 
and Harold Goldberg. Wilbur S. Hinman, Jr., former 
chief of the division, has been appointed to the newly 
established position of associate director. 


The government of Poland has awarded prizes in 
medicine to the following: Tadeusz Urbanski, Jakub 
Wegierko, Damian Cembala, and Stefan Slopek. 
Other science prizes went to Jan Stach (paleontol- 
ogy); Tadeusz Baranowski (chemistry); Stanislaw 
Maziarski (histology); Ignaey Reifer (botany); 
Wladyslaw Orliez (mathematics); Stefan Piotrowski 
(astrophysics). A joint prize was given to a team of 
four investigators of cosmic rays headed by Marian 
Miesowiez. In the technical sciences the following were 
honored: Aleksander Rylke, Ignacy Malecki, Jaro- 
slaw Naloszkiewiez, Wladyslaw Wyrzykowski, Szy- 
mon Jachimowiez, and Tadeusz Soltyk. 

The Torry Research Station, Aberdeen, Scotland, 
will be the recipient of a trawler, which will function 
also as a laboratory designed for the study of fish 
preservation and spoilage. The order for the labora- 
tory-ship has been placed by the United Kingdom's 
Department of Scientific and Industrial Development 
as part of its program of research on Great Britain’s 
fishing industry. 
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Technical Papers 


Revascularization of the Heart by a 
Pedicle Skin Flap 


Jerrold von Wedel, Peter W. Stone, 
Charles G. Neumann, Jere W. Lord, Jr., 
J. William Hinton, and Robert E. Moran 
Department of Surgery, New York University 
Post-Graduate Medical School, New York, and 
1532 Sixteenth Street, N.W., Washington, D. C. 


This is a preliminary report on a series of experi- 
ments carried out in dogs for the purpose of develop- 
ing a new blood supply to the myocardium by means 
of a skin flap. 

One of the authors (R. E. M.) observed several years 
ago an unusual property of pedicle flaps during an 
attempted transplantation of a flap from one indi- 
vidual to another. The flap was a delayed tubed flap, 
transferred between individuals who were close blood 
relatives and whose blood types were identical. On 
the fourth day following transplantation the donor 
developed signs of shock and anemia. It became ap- 
parent that a large volume of the donor’s blood was 
being transferred to the circulation of the recipient 
through the tube, and, despite multiple transfusions 
in the opposite direction, the donor developed a severe 
anemia and the recipient a severe polycythemia which 
necessitated division of the tube. The volume of blood 
which this tube was capable of transporting suggested 
that a flap of skin and subcutaneous tissue might 
prove successful as a vehicle to carry a new blood 
supply to the heart. To our knowledge a skin flap 
has never been used for this purpose. 

Accordingly, we embarked on a series of experi- 
ments with the purpose of finding out whether the 
operation was possible and, if so, how high a mor- 
tality it would entail. Second, we hoped to demonstrate 
whether anastomoses occur between the blood vessels 
in the flap and those in the heart. And third, if anasto- 
moses could be demonstrated, we wished to discover 
whether a sufficient volume of blood could be carried 
by the flap to protect the heart against occlusion of a 
coronary artery. 

Twenty-five dogs have been studied to date, in try- 
ing different techniques of constructing and attaching 
the flap and using a number of methods to evaluate 
its effect. The animals averaged 18 kg in weight. The 
type of flap we have found most useful is a single 
pedicle flap, raised and implanted in one stage. The 
operation consisted of elevating a thoracoabdominal 
flap, based over the fifth or sixth ribs near the apex 
of the heart. A segment of the sixth rib was removed 
to provide room for passage of the flap through the 
chest wall, and the proximal portion of the flap was 
tubed so that the tubed part of the flap extended the 
entire distance between the chest wall and the heart. 
The remaining open portion of the flap was then 
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passed through an incision in the pericardium, sutured 
directly to the myocardium over the apex, and the 
chest was closed firmly about the tube. The epithelium 
of the tube was not disturbed. The reason for tubing 
that portion of the flap between the chest wall and 
the heart and not removing the secretory elements of 
the epithelium was to produce as critical an experi- 
ment as possible by excluding all sources of blood sup- 
ply other than that which passed directly through the 
pedicle. The flaps averaged 16 em in length by 9 em in 
width at the base, tapering toward the distal end and 
varying somewhat in size with the size of the animal. 
This allowed us to cover approximately one third the 
area of each ventricle with the open portion of the 
flap, so that areas of myocardium supplied by all the 
coronary vessels had access to the vessels of the flap. 

No deaths oceurred directly as a result of attaching 
the flap. Two animals died during the operative pro- 
cedure, but both deaths were the result of anesthetic 
accidents. Postoperatively the dogs appeared healthy 
and normal for periods up to 6 months following the 
operation. 

The flap produced no apparent effect on cardiac 
function. No constriction of the heart occurred, and 
although the heart was rotated in a few cases as a 
result of a somewhat short pedicle, no demonstrable 
interference with its mechanical function resulted. Lit- 
tle inflammatory reaction oceurred in the portion of 
the pericardial eavity not covered by the flap, for the 
pericardium rapidly became attached to the edges of 
the flap, preventing escape of skin secretions into the 
free pericardial cavity. 

No dog developed either a pneumothorax or an 
empyema. When the animals were sacrificed it was 
found that the tube had become completely walled off 
from the free chest cavity by adherent lung, and that 
sinus tracts had developed along the tube from the 
pericardial cavity to the surface through which the 
secretions of the tube drained. 

The changes observed in the electrocardiogram fol- 
lowed a definite pattern. Immediately following the 
operation, depression in voltage and changes in the 
QRS complexes appeared, which resulted partly from 
positional changes of the heart. These soon disap- 
peared, but by the fourth or fifth week progressive 
changes appeared in the T waves, with elevation of 
the ST segments which simulated the changes seen in 
pericarditis. 

To demonstrate the presence of anastomoses be- 
tween the vessels of the flap and those of the myocar- 
dium, several methods were used. 

Employing a specimen removed from one of the 
early animals a cannula was inserted in the deseend- 
ing ramus of the left coronary artery and 35% dio- 
drast and gentian violet were injected under a pres- 
sure of 70 mm Hg. The colored dye was seen to drip 
from the cut end of the pedicle and the radiopaque 
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medium was demonstrated in the vessels of the tube by 
x-ray. 

A second method was based on the premise that 
if good anastomoses were present between the vessels 
of the flap and those of the heart, they might carry 
sufficient blood to support the tube with its pedicle 
divided. Accordingly, in an animal with a flap im- 
planted for one month, the base of the pedicle was 
completely transected so that its only source of blood 
was through the surface of the flap attached to the 
heart. Arterial blood spurted from the distal eut sur- 
face of the tube, and one week later, when the animal 
was sacrificed, the tube appeared viable, with healthy 
granulations on its cut surface. 

In another animal we observed direct evidences of 
anastomoses during a secondary operation, 1 month 
after a flap had been applied. The descending ramus 
of the left coronary artery was dissected out, ligated, 
and divided distal to the ligature. The distal cut end 
of the vessel spurted arterial blood which must have 
come either through the pedicle or from one of the 
other coronary arteries with the flap acting as a 
bridge. 

In order to demonstrate the anastomoses visually, 
a method was developed by which radiopaque material 
could be injected through the vessels of the tube. The 
injection medium used was a 20% aqueous suspension 
of bismuth oxychloride, which has a particle size too 
large to pass through the capillaries, and will not pass 
through arterioles smaller than 35 or 40 u in diameter. 
The technique consisted of isolating the coronary ves- 
sels by ligating the aorta immediately distal to their 
origin. The segment of aorta whose branches supplied 
the left chest wall and the vessels of the flap was then 
isolated by ligating the descending thoracic aorta 
above the diaphragm, and the injection was carried 
out through this segment under a pressure of 220 mm 
Hg. The injection mass flowed through the vessels of 


Fic. 1. X-ray of a heart to which a flap had been attached 
for 1 month, injected by method described in text, All the 
bismuth seen in the coronary arteries passed through the 
pedicle. 
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the chest wall into the vessels of the tube and then 
passed through numerous anastomoses to fill the coro- 
nary vessels. None of the injection medium was found 
in the veins because the bismuth could not pass the 
eapillary barrier. Since the injection medium found in 
the coronary vessels was derived from the flap, the 
anastomoses were demonstrated to be at least arterio- 
lar in ealiber (Fig. 1). 

The experiments carried out so far have demon- 
strated that a skin flap may be attached to the heart 
without harmful sequelae, and that macroscopic anas- 
tomoses occur between the vessels of the flap and the 
coronary arterial circulation of the heart. Although 
three animals protected by a flap have had the de- 
seending ramus of the left coronary artery ligated 
without mortality, the series is too small to be signifi- 
cant, and further studies are under way to establish 
whether the flap carries a sufficient volume of blood to 
protect the heart against coronary occlusion. 


Manuscript received April 3, 1952. 


Abnormal Growth and Fructification of the 
Cultivated Mushroom 


B. B. Stoller* 
Duluth Mushroom Company, Duluth, Minnesota 


Since the seventeenth century it has been customary 
to induce the development of the mushroom fruiting 
bodies, or sporophores, by covering the surface of 
mycelium-impregnated compost with a layer of loam 
about 1 in. deep. The function of this layer of soil in 
initiating fructification of the cultivated mushroom 
Agaricus campestris L. has never been proved experi- 
mentally. A study of abnormal growth may provide 
the entering wedge for understanding this function. 

The stems of mushrooms growing on beds some- 
times elongate abnormally, and at the same time, the 
growth of the caps is retarded. Lambert (1) claims 
to have demonstrated experimentally that this abnor- 
mal growth is due to the injurious effects of carbon 
dioxide released during respiration of sporophores. 
An evaluation of his results reveals, however, that 
there is slight, if any, elongation of the stem when 
the CO, introduced under the bell jars is derived from 
commercial cylinders; whereas severe abnormal growth 
oceurs if the gases accumulate from respiration. It 
appears that in the gases accumulating naturally there 
may be another volatile substance which is responsible 
for this abnormal growth. 

In this paper, an attempt is made to demonstrate 
that an elongation of the stem and retardation of the 
cap may occur even in the complete absence of carbon 
dioxide. The device employed to investigate this point 
(2) was a bell jar with two openings, one in the top 
and the other in the side at the bottom (Fig. 1, No. 3). 
When this kind of bell jar was placed over mushrooms 


1The writer is indebted to J. R. Stauffer, University of 
Wisconsin, for facilities and aid. 
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Fic. 1. Effect of volatile substances on growth of sporo- 
phores when covered with bell jars which have openings at 
top only, Nos. 1 and 2; at top and side, No. 3. Pots Nos. 
4 and 5 are controls. (Jars were fastened to pots with rub- 
ber bands cut from inner tubes.) 


growing in 2-gal earthenware pots, it was found that 
there was no accumulation of CO, in the bell jar as a 
result of respiration, whereas in bell jars where there 
was an opening only in the top (Fig. 1, Nos. 1 and 2), 
there was a considerable accumulation of CO,. The 
openings in the jars were left open throughout the ex- 
periment, except momentarily when drawing samples 
for analysis. The atmosphere in the bell jars was ana- 
lyzed for CO, with an Orsat apparatus (accuracy 
+0.1%). To withdraw 100-ml samples, a glass tube 
was inserted through a rubber stopper placed in the 
opening at the top of the bell jar and lowered to about 
an inch above the soil. The side opening in the bell jar 
with two outlets was closed with a rubber stopper 
during analysis. Prior to fastening the jars onto the 
pots, the surface soil was sprinkled with 50 ml water 
in order to enhance the release of CO, microbiologi- 
cally. The CO, used was the gas naturally evolved 
from respiration rather than that obtained from com- 
mercial cylinders and injected under the jars, as in 
Lambert’s experiments. Mushrooms were growing in 
the pin-size stage on pots selected for the experiments. 

It is evident from Fig. 1 that abnormal growth was 
very severe at high concentrations of CO,; however, 
the effect on growth was much more marked at 0.8— 
1.2% CO, in these experiments than in Lambert’s, 
where the CO, was delivered from commercial cylin- 
ders. It may be observed from Pot No. 3, Fig. 1, and 


TABLE 1 


ACCUMULATION oF CO, IN BELL JARS WHEN FASTENED 
on Pots SHOWN IN Fic. 1. EXPERIMENT 
REPEATED Four TIMES 


. No. of days 
Diam of open- 
No. ing at top of (pereentage OO,) 
jar (em) 1 3 4 6 
bale 5.5 08 11 12 12 
2 3.0 16 28 34 4.0 
3 3.0* 0 0 0 0 


* Diam of opening at side, 1.5 cm. 
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from Table 1 that mushrooms growing in the bell jar 
with two outlets have distinctly elongated stems and 
retarded caps, even though no CO, was detected in the 
jar. That CO, was actively evolving from the soil 
(even when no sporophores were growing) could be 
proved by closing the outlets of the bell jars with a 
rubber stopper. Under these conditions the CO, in the 
jars increased to 18% in 5 days. It may be inferred, 
therefore, that the CO, diffused out completely from 
the bell jar with two outlets, but only partially from 
the bell jars with one outlet; the amount of CO, aec- 
cumulating in the latter depended on the diameter of 
the opening. 

From the fact that the mushrooms grew abnormally 
in the absence of CO,, it may be hypothesized that 
another volatile substance affected the growth. Carbon 
dioxide is a small molecule, with a small relative den- 
sity or molar weight, with a very low boiling point, 
and a gas at ordinary temperature. Accordingly, the 
rate of diffusion of CO,, considering Graham’s law of 
diffusion, would be expected to be rapid, especially 
through the “chimney” effect of the bell jar with a 
lower and upper opening. Reasoning similarly for the 
hypothetical volatile substance, it may be considered 
to have a large molecular weight, with a high boiling 
point and low volatility, so that its rate of diffusion 
would be much slower than that of CO,. Since the 
latter diffused slowly, a sufficient concentration was 
present in the bell jar, especially surrounding the 
sporophores, to affect the nature of their growth. 
Thus, by means of a bell jar with two outlets, it was 
possible to arrange for a differential rate of diffusion. 

A hypothesis may be proposed that some volatile 
substance emitted from the mycelium in the compost 
and in the casing soil accumulates when there is in- 
sufficient ventilation or when the mushrooms are grow- 
ing thickly on the beds. Mader (3) also found that 
“wherever mushrooms are grown, substances of a vola- 
tile nature accumulate and become detrimental to their 
growth and fructification,” although the writer is at a 
loss to understand his experimental procedure. A vola- 
tile substance or substances emitted from the mycelium 
have been detected by absorbing solutions of guaiacum 
resin or benzidine in pure filter paper, and then sus- 
pending the papers in bell jars over a pot of my- 
celium-impregnated compost (4). The papers become 
colored blue and brown, respectively, indicating that 
the substance volatilizing is of an oxidizing nature. 
Adequate controls were carried out simultaneously by 
suspending papers containing the reagents in jars 
over pots of water. Similar color changes were pro- 
duced in agar slants as “halos” advancing ahead of 
the growing mycelium, with these reagents as well as 
with many others. 

This volatile substance may also give some indica- 
tion of a defensive mechanism (4). For example, when 
lead acetate test papers, darkened (showing evolution 
of a sulfide) by suspending them over cultures of 
Pseudobalsamia microspora (a pathogen of the mush- 
room mycelium), were suspended over mushroom cul- 
tures by the same procedure described above, the dark- 
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ened papers were decolorized. It was suggested this 
substance is in the nature of a quinone. 

The significance of this volatile substance may be, 
then, that it acts like an “antibiotic” or defensive 
mechanism for mycelial growth; that it inhibits frue- 
tification unless it is modified in the casing soil; and 
that it affects normal growth when allowed to ac- 
cumulate. It is of interest to note that pathogens which 
do not attack the mycelium in the compost, do so in 
the casing soil—that is, in the medium where the anti- 
biotic value of this volatile substance is at the lowest 
ebb. The intensity or high potential of the substance 
diffusing from the mycelium was shown by embedding 
oxidation-reduction indicators in agar slants (5). It 
appears that the oxidizing intensity of this substance 
is so great that it prevents the thickening of the hy- 
phae from which sporophores develop. The necessity 
for adjusting the soil at a relatively high pH for best 
fructification tends to show that the soil must be a 
medium suitable for rapid oxidation-reduction reac- 
tions. A movement of air or oxygen-ventilation is, of 
course, required for such reactions. Accordingly, at 
least one of the functions of the casing soil is to pro- 
vide an alkaline-oxygenated medium for the destrue- 
tion of this volatile substance. A fuller presentation 
will be published elsewhere. 
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The Medical Examination of Hiroshima 
Patients with Radiation Cataracts 


Paul G. Fillmore? 


Department of Medicine, 
Duke University, Durham, North Carolina 


Radiation cataracts, the first late manifestation of 
exposure to atomic bomb radiation reported in man, 
have been described by Cogan, Martin, and Kimura 
(1), and Cogan, Martin, Kimura, and Ikui (2). 
Kimura (3) reported 98 Hiroshima patients with 
radiation cataracts. Eighty-five of the 98 were among 
922 survivors 1000 m (1094 yards) or less from the 
hypocenter,’® an incidence of 9.8%. 

This group of 98 patients with radiation cataracts 
is a select group because all were unquestionably ex- 
posed and all show unmistakable delayed response to 
radiation injury. Seventy-eight of them have been ex- 
amined by the medical department of the Atomic 
Bomb Casualty Commission Clinic in Hiroshima in an 

21Sponsored by the Atomic Bomb Casualty Commission, 
National Research Council, with funds supplied by the U. 8. 
Atomic Energy Commission. 

2 Medical Department ABCC (1949-51); at present AEC 


postdoctoral research fellow. 
® Point on the ground directly below the explosion. 
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effort to discover if other late manifestations of radia- 
tion injury exist. The examinations were performed 
approximately five years after exposure. 

The group comprised 45 men and 33 women between 
the ages of 12 and 69 years, and they had been from 
150 to 1240 m from the hypocenter; 64 were between 
700 and 1099 m (710-1202 yards). Detailed radiation 
and medical histories were obtained, and physical ex- 
aminations were performed. Roentgenograms of the 
chest and blood, and urine and stool specimens were 
examined. Thirty-four patients were proctoscoped, 
and sternal marrow specimens were obtained from 27 
patients. Additional diagnostic studies were performed 
as indicated. 

Symptoms presumably produced by acute radiation 
were vomiting, fever, diarrhea, oropharyngeal lesions, 
bleeding gums, purpura, epilation, amenorrhea, and 
abnormal periods after amenorrhea. At least 50% of 
the patients experienced fever, purpura, epilation, 
amenorrhea, and vomiting on the day of exposure, 
suggesting that at least half of them received severe 
irradiation. 

Forty-six of the 78 patients received mechanical 
injuries described as minor lacerations and penetra- 
ting wounds from flying glass and other small objects. 
Several patients were bruised by falling beams and 
roofs, but the only major injury was a depressed skull 
fracture. As far as could be determined, all injuries 
resulted from indirect blast effects. Small thermal flash 
burns occurred in 15 patients. Five of the burned 
patients were free from flash burn sears, suggesting 
partial shielding from thermal injury. One sear re- 
sembled a keloid. 

Seventy-seven of the 78 patients experienced sealp 
epilation. This observation suggests that a cataracto- 
genic dose will produce some degree of scalp epilation 
in the majority of patients. 

Two males and one female above 39 years of age 
had diastolic blood pressures of 100 mm Hg or higher. 
The remaining individuals had blood pressure record- 
ings within the usual range. Thirty-six patients had 
sears from burns and/or wounds sustained at the time 
of the explosion. The majority were minor and showed 
only small amounts of scar tissue. Radiation cataract 
was the only physical finding attributed to the late 
effects of the atomie bomb. 

At the time of the study the hematological findings 
did not disclose any blood dyserasias. Two patients 
with radiation cataracts have developed acute leu- 
kemia, one of them subsequent to her examination in 
this study and one child not included in this report. 
The aspiration sternal marrow specimens obtained on 
27 patients were compatible with the peripheral hema- 
tological findings. 

Chest films, stool and urine examinations, and sero- 
logical tests for syphilis revealed no abnormalities 
that could be attributed to the atomic bomb. The his- 
tories did not reveal any information which suggested 
late effects of the atomic bomb other than visual ecom- 
plaints. 

The shielding factor was not studied. The greatest 
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number of patients with cataract formation in this 
series was 700-1000 m from the hypocenter. No cata- 
racts have been found in the survivors in this report 
that were in the Fukuya Department Store, a rein- 
forced conerete building 800 m from the hypocenter, 
where shielding was afforded. 
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Histochemical Demonstration of 
Protein-bound Sulfhydryl Groups* 


Russell J. Barrnett and Arnold M. Seligman? 
Departments of Anatomy and Surgery, 

Harvard Medical School, and 

Yamins Laboratory for Surgical Research, 

Beth Israel Hospital, Boston, Massachusetts 


Protein-bound or fixed sulfhydryl groups are essen- 
tial for the activity of many enzymes, serve as link- 
ages between proteins and some prosthetic groups, are 
involved in the contractile phenomena of muscle, and 
are important in the coagulation of blood, in cell per- 
meability, and in hormone synthesis and activity (1). 
Methods for the detection as well as estimation of sulf- 
hydryl! groups of proteins are based on reactions with 
either oxidizing, reducing, alkylating, or mercaptide- 
forming agents. Some of these methods are not colori- 
metric, and most of them lack specificity because fune- 
tional groups other than sulfhydryl are quite reactive 
toward these agents (1). However, modifications of 
some colorimetric techniques have been used histo- 
chemically to demonstrate sulfhydryls in tissue sec- 
tions. For this purpose ferricyanide (2) and nitro- 
prusside (3, 4) have been widely used, although no 
oxidizing agent other than cystine can be called spe- 
cific for the oxidation of sulfhydryl groups in pro- 
teins (7). A method based on a new mercaptide-form- 
ing agent, 1-(4-chloromercuriphenylazo) -naphthol-2 
(5), gives weak color reactions in tissue sections. 

In order to improve the sensitivity of sulfhydryl 
histochemistry by increasing the color value of the 
final compound and by increasing the specificity of 
the reaction for sulfhydryls, a reagent was developed 
which contained a disulfide linkage, the specific oxi- 
dative group, and a naphthol moiety for coupling to 
form an azo dye. As shown in Fig. 1, the reagent,’ 


1 This investigation was supported by an institutional grant 
to Harvard University from the American Cancer Society, 
by a research grant from the National Cancer Institute, Na- 
tional Institutes of Health, USPHS, and by the Slosberg 
Fund for Research in Diabetes. 

2 Acknowledgment for technical assistance is due BEdith 
Herman and Ralph Gofstein. 

®* This reagent (DDD) is now available from the Schwartz 
Laboratories, Inc., New York City. 
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Protein Protem 
Fic. 1. 
2,2’-dihydroxy-6,6’-dinaphthy] disulfide (I), when used 
in excess at pH 8.5, reacts with active sulfhydryl 
groups of fixed tissue proteins to form a colorless sub- 
stance (II), which can be converted into an intensely 
colored azo dye (IV) by coupling with tetrazotized di- 
orthoanisidine. The colorless oxidation product (II) 
was insoluble in both water and ether-aleohol, so that 
the excess of reagent (I) as well as the reduced re- 
action by-product (IIT) could be washed out of the 
tissues with organic solvents. Subsequent treatment of 
the tissues with tetrazotized diorthoanisidine resulted 
in the rapid development of a red color (monocoup- 
ling) or a blue color (dicoupling) at the sites of pro- 
tein sulfhydryl groups (IV). Monocoupling (red or 
pink) was taken to indicate sparse, widely separated 
sulfhydryl groups, whereas dicoupling (blue) indi- 
cated a greater concentration of sulfhydryl groups. 

The reagent (I) was prepared from sodium 2-hy- 
droxy-6-naphthalene sulfonate. The hydroxy group 
was protected by conversion to the carbethoxy deriva- 
tive, and the sulfonate group was converted to sul- 
fonyl chloride with PCl, (6, 7). Reduction to a sulf- 
hydryl group was accomplished with zine dust and 
hydrochloric acid in alcohol, a method used for other 
naphthalene derivatives (8). Oxidation with ferric 
chloride gave the disulfide, and the earbethoxy group 
was hydrolyzed with hot alkali. 

The required sodium-2-carbethoxy-6-naphthalene 
sulfonate (6, 7) was prepared by the slow addition 
of 84 ml ethyl chlorocarbonate to a vigorously stirred 
solution of 197 g sodium 2-hydroxy-6-naphthalene sul- 
fonate (Eastman technical grade) and 32 g sodium hy- 
droxide in 800 ml water. The stirring was continued 
for an additional hour, after which the mixture was 
cooled to complete the precipitation of the carbethoxy 
derivative. It was collected with the aid of suction and 
dried by warming on the steam bath. The erude prod- 
uct (177 g) was ground with an equal weight of 
phosphorus pentachloride and was heated on the steam 
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bath for 1 hr (6, 7). The fused melt was poured into 
2.5 liters eracked ice and stirred for 20 min. 2-Car- 
bethoxy-6-naphthalene sulfonyl chloride was filtered 
with suction, immediately erystallized from 1 liter of 
hot glacial acetic acid, collected, and used in the next 
step. In order to determine the yield, one run was 
dried for 48 hr in vacuo at 40° C, mp 116°-118°, 
103 g (41% of the starting material). 

2-Carbethoxy-6-naphthyl thiol was prepared by 
heating zine dust (100 g) and 95% aleohol (400 ml) 
to 30°, and the undried acid chloride (about 103 g) 
was gradually added. Concentrated HC] (200 ml) was 
added drop by drop to the stirred mixture. After the 
reaction had subsided, the mixture was gradually 
warmed on the steam bath and then heated for 1 hr. 
By this time the solution was clear yellow, and a 
sample diluted with water was completely soluble in 
base. The solution was rapidly filtered with suction, 
and the zine dust on the filter was washed once with 
hot alcohol. The filtrate was used in the next step 
below. In one experiment the filtrate was poured into 
2 liters of cold 10% HCl, and the pale-yellow product 
which precipitated was collected and crystallized from 
dilute aleohol, mp 87°, yield 72 g (90%). 

disulfide 
was prepared from the sulfhydryl compound (72 g) 
dissolved in 600 ml alcohol or from the hot alcoholic 
filtrate (obtained above without isolation of carbeth- 
oxynaphthyl thiol) by addition of 300 ml of a satu- 
rated aqueous solution of ferric chloride at 50° C. 
An excess of ferric chloride was assured by persistence 
of its yellow color. Cold water (600 ml) was added, 
the mixture was cooled, and the clay-colored disulfide 
was collected and washed with water. It crystallized 
from hot acetic acid or dioxane-methanol in fine white 
crystals, mp 198°-200° (uncorr). The compound 
proved to be the monocarbethoxy derivative by analy- 
sis. This was confirmed by demonstrating coupling 
with tetrazotized diorthoanisidine at pH 7.2. 
Anal: Caled for C,H,,0,8,: C, 65.38; H, 4.26. Found: 
C, 65.68; H, 4.28. 

2,2’-Dihydroxy-6,6’-dinaphthyl disulfide (I) was ob- 
tained by heating the crude undried disulfide sus- 
pended in 600 ml water and 54 g potassium hydroxide 
on a steam bath for 2 hr. The hot solution was filtered, 
cooled, and acidified with 150 ml concentrated HCl in 
a 4-liter beaker. The clay-colored product was col- 
lected, dissolved in hot acetic acid, treated with active 
charcoal, and crystallized from dilute acetie acid in 
pale-tan, fine crystals, mp 190°-205° (uneorr) ; 40.5 
g (70% based on the acid chloride). Crude material 
could be purified by solution in a small amount of 
acetone, addition of a large volume of toluene and 
concentration by boiling to one third the volume. The 
hot toluene solution was filtered rapidly from tarry 
residue and crystallization took place upon cooling. 
After recrystallization from hot glacial acetic acid it 
melted at 220°-223° (uncorr). 


Anal: Caled for C.oH,,0.8,: C, 68.54, H, 4.03. Found: 
C, 68.34; H, 4.26. 
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For the histochemical detection of protein-bound 
sulfhydryl groups, tissues taken from rats killed by 
a blow on the head were fixed for 24 hr in a solution 
containing 1 g trichloracetice acid dissolved in 100 ml 
80% ethyl aleohol. The acid prevented air oxidation 
of sulfhydryl groups. These tissues were dehydrated, 
embedded in paraffin in the usual manner, and see- 
tioned at 10 u. Tissue sections, mounted on slides with 
a minimal amount of albumin, adhered to the slides 
during staining procedures better than when albu- 
min was omitted. This procedure was feasible since 
smears of albumin stained for sulfhydryl did not de- 
velop a sufficient amount of color to be detected. 
Moreover, there was no difference in the degree or 
localization of staining for sulfhydryl in a series of 
sections of tissues mounted with and without albumin. 
After deparaffinization, the mounted sections were 
passed through a series of alcohols (absolute, 95%, 
70%, 50%) to distilled water. They were stained by 
the following procedures for demonstrating sulfhydryl 
groups. 

1) Incubate up to 9 slides in Coplin jar for 1 hr at 
50° C in a solution prepared by mixing 35 ml 0.1 M 
Michaelis barbital buffer, pH 8.5, and 15 ml absolute 
ethyl aleohol containing 25 mg 2,2’-dihydroxy-6,6’-di- 
naphthyl disulfide (I). The reagent is almost completely 
soluble in the above alcohol-buffer mixture. 

2) Cool for 10 min at room temperature. 

3) Rinse briefly in distilled water. 

4) Wash for 10 min in 2 changes of distilled water 
acidified to pH 4 to 4.5 with acetic acid. This step is 
necessary to convert the sodium salt of the reagent (1) 
or of the reaction by-product (III) to free naphthol for 
extraction with organic solvents. 

5) Extract excess reagent (I) and reaction by-product 
(III) by passage through a graded series of aleohols and 
wash in absolute ether for 5 min. 

6) Rehydrate and rinse in distilled water. 

7) Stain for 2 min at room temperature in the follow- 
ing freshly prepared mixture: 50 mg tetrazotized dior- 
thoanisidine* in 50 ml 0.1 M Sorenson phosphate buffer, 
pH 7.4. 


8) Wash in running tap water. 

9) Mount cover glass with glycerogel, or dehydrate 
with acetone and mount cover glass with clarite. 

Sulfhydryl groups were widespread in distribution 
in rat tissues. In sections of skin, the epithelial cells 
of the Malpighian layer were stained a moderately in- 
tense red (Fig. 2), whereas those of the stratum cor- 
neum were less intensely colored. The epithelial cells 
of the root sheaths of the hairs were also stained red, 
as were those of the bulb. The hair papilla, however, 
was unstained. The cells of the hair cortex stained a 
moderately intense red in the proximal parts of the 
hair, a deep blue in the region of horny transforma- 
tion, and a reddish blue in the intermediate regions 
(Fig. 3). Distal to this region, the hair cortex was 
unstained, although the medulla was weakly stained. 
Connective tissue fibers of the dermis were unstained, 
but some of the cells of connective tissue were stained 
light red, as was the cytoplasm of fat cells. The epi- 
thelium of sebaceous glands (Fig. 2) and fibers of the 
arrectores pilorum muscles were stained red. 
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i. .-». ten-micron sections of paraffin-embedded tissues of rats stained for sulfhydryl. 2: The cells of the stratum 
corneum and stratum Malpighii of the epidermis, the root sheaths of the hairs, and the epithelium of the sebaceous glands 
are stained red The cortices of the hairs are unstained. Approx x 100. 3: Adjacent deeper part of dermis to that in Fig. 2. 
The cortices of the hairs in the region of horny transformation are stained blue, whereas the root sheaths and the bulbs 
are stained red. Approx x 100. 4: The acinar cells of the pancreas are stained reddish blue, and perinuclear and basal locali- 
zation of staining is common. The cells of the islets of Langerhans are stained light pink. The elastica interna (nonsulfhy- 
dryl) and smooth muscle of an artery (lower right-hand corner of the photograph) are stained blue and red, respectively. 
Approx x 300. 5: The Purkinje cells of the cerebellum are stained reddish blue, and the fibers of the molecular layer and the 
a of the granular layer are stained red. The fibers of the white matter in medullary centers are virtually unstained. 

prox x 100. 


In the deepest part of the dermis, the axis cylinders myelin sheaths were weakly stained or were unstained. 
of nerve fibers were stained a light red, whereas the Striated muscle was stained reddish blue, the staining 
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being localized for the most part in the myofibrils, 
with no apparent difference in the intensity of stain- 
ing in the A and I bands. 

The cytoplasm of the liver cells was uniformly 
stained a moderately intense red, the intensity of stain- 
ing of the cells being uniform throughout the lobules. 
The nuclei of the hepatic cells were weakly stained. 
The Kupffer cells and the epithelial cells of the bile 
ducts were also moderately stained. 

In the duodenum, the epithelium of the villi and the 
erypts of Lieberkiihn were moderately stained. The in- 
tensity of staining, however, was not uniform, since 
the Paneth cells were more intensely stained than the 
others, and the mucus of goblet cells was unstained. 
The cells in the lamina propria forming the core of the 
villi were reactive, some staining a reddish blue, but 
the majority pink. The cells of the smooth muscle coats 
and the neurons of the myenteric plexuses were also 
stained reddish blue. 

The endothelium and the smooth muscle fibers of 
the blood vessels were stained pink, and the elastica 
interna, as well as elastic fibers, an intense blue. The 
erythrocytes seemed to exhibit a slight red staining, 
if any at all. 

The cytoplasm of the pancreatic acinar cells was 
stained reddish blue, and strong perinuclear and 
basilar concentrations of staining occurred frequently. 
The nuclei were virtually unstained (Fig. 4). The epi- 
thelial cells of the ducts and of the islets of Langer- 
hans were stained pink. Some of the cells of the islets 
appeared to be slightly more deeply stained than 
others, but it should be emphasized that the islet cells, 
by virtue of their weak staining in comparison to the 
pancreatic acinar cells and the cells of other tissues, 
contained only a small amount of alcohol-insoluble 
protein-bound sulfhydryl (Fig. 4). A method for 
staining alcohol-soluble disulfide-containing substances 
will be published later. 

The cells forming the cortical and medullary sub- 
stance of thymic lobules were stained a diffuse and 
light pink. Hassell’s corpuscles, however, were stained 
a moderately intense blue. 

The fibers of the molecular layer of the cerebellar 
cortex were stained a moderately intense red (Fig. 5). 
The cells of the granular layer were similarly stained, 
but the fibers of this layer were much less intensely 
stained. The Purkinje cells between these two layers 
were stained most intensely red of all cerebellar ele- 
ments, and the color was confined mainly to the cyto- 
plasm. Fibers of the medullary centers were very 
lightly stained or were unstained. 

Although derivatives of naphthol have proved use- 
ful in developing a variety of histochemical methods 
(9-13), suecess of the present method is dependent 
upon the specificity of the reaction of the disulfide 
group with sulfhydryl groups at alkaline pH (1, 14- 
16). The reaction is reversible and readily influenced 
by mass action. Furthermore, the reaction is not 
merely oxidation and reduction with transfer of elec- 
trons, but the chromogenic moiety (naphthol) is trans- 
ferred to the protein and becomes part of the oxida- 
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tion product (II), from which a pigment is eventually 
developed (IV). If the histochemical demonstration 
were dependent only upon the fact that III was 
formed or that I was reduced, the method would lack 
specificity. The reaction is specific because II is 
formed, and this is proved in each section by the loss 
of solubility in organic solvents of the naphthol moiety 
from which the pigment is produced. 

Further evidence of specificity was provided in ex- 
periments in which the sulfhydryl groups of protein 
were oxidized first. When fixed tissue sections were 
oxidized with iodine or H,O,, prior to treatment with 
the reagent (I), the staining reaction was completely 
eliminated except in the case of elastic tissue. In 
sections of tissue which were oxidized with iodine, 
subsequent treatment with 1-10% solution of KCN 
for 18 hr, or with a 10% solution of (NH,).S for 2 
hr, restored the sulfhydryl groups from the oxidized or 
disulfide state, and in addition produced new sulf- 
hydryl groups by reduction of naturally occurring 
disulfide groups in the protein. This was indicated by 
restoration and intensification of staining of the origi- 
nal sites of sulfhydryls after the above treatment, as 
well as by extension of staining to new areas, even 
though KCN produces only one sulfhydryl from each 
disulfide group. The localization of color reaction in 
this instance was the same as that found by the stain- 
ing of sulfhydryl groups (17)—both free and those 
derived from disulfides—at pH 11 with the oxidizing 
agent, ditetrazolium chloride (18). 

Proof of the specificity of the histochemical reaction 
for sulfhydryl groups was obtained by the following: 
0.1 M iodoacetate (24 hr) or 0.1 M N-ethyl maleimide* 
(4 hr) completely inhibited the staining reaction and 
0.03 M glutathione (3 hr) completely reversed the re- 
action prior to coupling. 

The sulfhydryl group of glutathione probably did 
not contribute to the staining of tissues, since gluta- 
thione is completely soluble in acidified 80% aleohol. 
Insulin is also soluble in this fixative. This may be 
the reason that pancreatic islet cells showed no in- 
crease in intensity of staining when sections of pan- 
creas were treated with (NH,),S or KCN before 
staining. 

Oxidation of protein sulfhydryl groups by atmos- 
pherie oxygen did not take place to any appreciable 
degree during the staining reaction at pH 8.5, since 
there was no apparent difference between tissue sec- 
tions stained as deseribed and those stained under 
anaerobic conditions. 

Staining of elastic tissue with this method must be 
attributed to a special affinity for the naphtholic 
groups of the reagent and not to sulfhydryl groups, 
since prior oxidation with iodine did not alter the re- 
sults. Other derivatives of B-naphthol, particularly 
6-bromo-1-naphthol, 2-hydroxy-3-naphthoie acid hy- 
drazide (10), and 2-hydroxy-6-naphthalene sulfonic 
acid, 2-hydroxy-8-naphthalene sulfonic acid, and 2-hy- 
droxy-3-naphthoiec acid, also have an affinity for elas- 
tie tissue (17), although after coupling with a dia- 
zonium salt, they do not stain structures where large 
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concentrations of sulfhydryl groups are known to 
oceur. 

Further studies in the distribution of sulfhydryl and 
disulfide groups and their changes in various physio- 
logical states will be published elsewhere. 
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Role of Coenzyme A and DPN in the 
Oxidation of a-Ketoglutaric Acid* 


D. R. Sanadi and J. W. Littlefield? 


The Institute for Enzyme Research, 
University of Wisconsin, Madison 


From recent work it has become apparent that 
diphosphopyridine nucleotide (DPN) and coenzyme 
A (CoA) participate in the oxidation of a-ketoglu- 
tarate (1-4). Suecinyl CoA has been postulated as an 
intermediate in the reaction. Using a-ketoglutarie oxi- 
dase (5) of over 90% purity, as shown by electro- 
phoretice and ultracentrifuge analyses, we have found 
that the primary reaction is as follows: 
a-Ketoglutarie acid +CoA + DPN* 

Succinyl CoA + DPNH + CO, + H*. 
For the first time an acylated derivative of CoA has 
been obtained from the enzymatic oxidation of an 
a-keto acid. 

In the presence of CoA* and cysteine (or glu- 
tathione or borohydride instead of cysteine), the 
purified a-ketoglutarie oxidase (5) catalyzes the re- 
duction of DPN by a-ketoglutarie acid (Fig. 1). The 
stoichiometry of the reaction with CoA (Table 1) is 
consistent with the above equation. The disappearance 
of —SH group and CoA in amounts equivalent to 

1 Aided by grants from the National Heart Institute, Na- 
tional Institute of Health, USPHS. 

2 Postdoctorate fellow of the National Cancer Institute, 
National Institutes of Health, USPHS. 

*We are greatly indebted to H. Beinert and others for 


generous gifts of CoA (J. Am. Chem. Soc., 74, 854 [1952]), 
which made this investigation possible. 
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Fic. 1. Reduction of DPN by a-ketoglutarate and CoA. Ex- 
perimental conditions: cysteine (0.1 ml 0.5 M neutralized 
solution) and CoA (0.1 ml containing 0.3 mg of preparation 
with an activity of 340 u/mg) were incubated for 3 min at 
30°. a-Ketoglutarate (5 pM), DPN (0.3 uM), glycylglycine 
at pH 7.2 (100 ~M), and water to a total vol of 3.0 ml were 
added to the cysteine-CoA mixture. After 2 min 10 u a-keto- 
glutaric oxidase in 0.01 ml were added to start the reaction. 
A mixture of cysteine (0.1 ml) and CoA (0.05 ml) was added 
at 6.5 min, and purified succinyl CoA deacylase (4) at 10.5 


min. Optical density (log =) was measured at 340 mp in a 


Beckman DU spectrophotometer. 


TABLE 1 


STOICHIOMETRY OF THE REACTION OF g-KETOGLUTARATE 
witH DPN anp CoA* 


Expt A A A DPN Hydrox- 
a-Ketoglu- CoA —SH re- amic 
tarate duced = acid 
formed 
1 7.0 4.5 — 4.6 4.8 
2 2.4 1.5 — 1.4 1.7 
3 0.76 — 0.47 — 051 


* The data are expressed in 4M. Three to 7 min after the 
reaction was started by the addition of oxidase, an aliquot 
was reacted with hydroxylamine (6) for 1 hr. Another aliquot 
was treated with methanol, and the DPNH determined by the 
change in optical density at 340 mu produced by acetaldehyde 
and crystalline alcohol dehydrogenase. The free sulfhydryl 
group was determined by the nitroprusside reaction (7), 
CoA by arsenolysis with phosphotransacetylase (8), and 
a-ketoglutarate as the 2,4-dinitrophenylhydrazone (9). Cys- 
teine was not present in Expt 3. 


formation of acid anhydride* (as shown by the reac- 
tion with hydroxylamine) suggests strongly that the 
product is succinyl CoA. As in the case of acetyl CoA 
(10), the anhydride bond appears to be formed be- 
tween the —SH of CoA and one of the carboxyls of 
succinate. Suecinyl CoA is obtained from the reaction 
mixture by adsorption on Nuchar C190 followed by 


4 Using S-acetyl-8-mercaptoethylamine as a model, Novelli 
has presented evidence that thioesters behave like acid anhy- 
drides in that the activated carboxyl reacts with hydroxyla- 
mine at acid pH (1). 
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elution with aqueous pyridine, or by extraction with a 
phenol-benzyl alcohol mixture. The isolated sample 
reacted with sulfanilamide in the presence of erude 
pigeon liver acetone powder extract (3) under con- 
ditions where succinate, CoA, and cysteine were inac- 
tive. The hydroxamie acid derived from the sample 
has been identified by paper chromatography. 

The equilibrium of the reaction is far to the right 
and is independent of pH. Triphosphopyridine nucle- 
otide will not replace DPN in the reaction. Although 
pantetheine (synthetic LBF) (17) is inactive at low 
levels (1.3x10-* M), high concentrations (6.7 x 10-* 
M) can replace CoA. Protogen B,° a-lipoie acid,’ and 
boiled extracts of the oxidase containing protogen in 
coenzyme form (5) are inactive. 

From the data presented, both DPN and CoA may 
be considered as prosthetic groups of the a-ketoglu- 
tarie oxidase. The reaction mechanism in which the 
brackets refer to enzyme complexes may be repre- 
sented as follows: 


oO 
I - CO, 
HOOC—CH,—CH,—C—COoH 
HOOC—CH,—CH,—C 
| 
H 
OH 


| 
+ RSH | 
—_— 


| 
H 


2H 


2 I 
HOOC—CH,—CH,—C—S—R 


(R—SH = CoA) 


The initial decarboxylation has been indicated previ- 
ously (5) and is further supported by the rapid in- 
corporation of radioactive CO, into a-ketoglutarate 
in the absence of DPN or CoA (12). 


References 


1. Green, D. E., and Bernert, H. In W. D. McElroy and B. 
Glass (Eds.), Symposium on Phosphorus Metabolism. Balti- 
more: Johns Hopkins Press (1951). 

2. KaurMaN, 8S. Ibid. 

8. Sanapr, D. R., and LittLerietp, J. W. J. Biol. Chem., 
193, 683 (1951). 

4. Gerce.y, J., P., and RAMAKRISHNAN, C. V. Fed- 
eration Proc., 11, 218 (1952). 

5. Sanap1, D. R., J. W., and Terry, L. J. Absr., 
XIIth Intern. Chem. Congr., New York, Sept. 1951 ; SANADI, 
D. R., Lirrterie.p, J. W., and Bock, H. J. Biol. Chem. 
(in press). 

6. LIPMANN, F., and Turrie, L. C. J. Biol. Chem., 159, 21 
(1945). 

7. Grounert, R. R., and PHiuips, P. H. Arch, Biochem., 30, 
217 (1951). 

8. STADTMANN, E. R., Novetii, G. D., and LIpMANN, F. J. 
Biol, Chem., 191, 365 (1951). 

9. FRIEDEMANN, T. E., and Havucen, G. EB. Ibid., 147, 415 
(1943). 

10. Lynen, F., Reicnert, E., and Rugrr, L. Ann., 574, 1 
(1951). 

11. SNELL, E. E., et al. J. Am. Chem. Soc., 72, 5349 (1950). 

12, GoLpBprec, M., and Sanapl, D. R. Unpublished data. 


Manuscript received March 26, 1952. 
® Kindly supplied by T. H. Jukes and L. J. Read. 


328 


Direct Determination of Maximal Daily 
Metabolism of Alcohol 


Henry W. Newman, Roger H. L. Wilson, and 
Edith J. Newman 


Department of Medicine, Stanford University School of 
Medicine, San Francisco, California 


Not long ago one of us (1) estimated that the maxi- 
mal daily metabolism of aleohol by a man of average 
weight was represented by a quart of 100-proof liquor. 
This estimate was based on prolonged feeding experi- 
ments in dogs and the demonstrable similarity in the 
rate of aleohol metabolism in the dog and in man. 

In spite of the simplicity of the direct experimental 
approach to this problem in man, search of the litera- 
ture failed to reveal any objective information, and 
for this reason the present work was undertaken. Four 
subjects were used, three men and one woman. Two 
were moderate drinkers, and two had drunk to excess 
sufficiently to classify them as chronic aleoholies. They 
varied over a wide range as to age and body build. 
The experimental procedure was essentially the same 
in all cases. A test dose of 1.0 ml/kg of 95% aleohol 
diluted to about 20% with water was administered 
by mouth on an empty stomach, after which samples 
of venous blood were taken hourly and analyzed for 
alcohol by a modification of Winnick’s method (2). 
From the length of time aleohol remained in the blood 
the amount metabolized per hour was calculated. Sub- 
sequently this amount was administered hourly, either 
as diluted alcohol or as an acceptable alcoholic bev- 
erage, and the blood or saliva aleohol concentration 
was determined at suitable intervals. To avoid undue 
inconvenience to the subject, during the night three 
doses three times the size of the hourly dose were 
given, which required only two awakenings. The re- 
sults can best be presented for each individual sub- 
ject. 

Subject 1 was a moderate drinker, male, age 44, 
weight 61.4 kg, height 168 em, body surface (Dubois) 
1.70 m*. The estimated hourly dose of 12.0 ml 95% 
alcohol resulted in 71 hr in a blood aleohol concen- 
tration of 17 mg %. Increasing the dose to 15.0 ml 
resulted in 48 hr in a rise to 159 mg %. According 
to Widmark’s formula (3), it can be ealeulated that 
this rise in blood alcohol concentration would require 
81 ml 95% alcohol; actually the subject received dur- 
ing this time 720 ml. This, less the amount required 
to produce the rise in blood alcohol concentration, 
amounts to 639 ml in 48 hr, or 320 ml daily. 

Subject 2 was a moderate drinker, male, age 60, 
weight 65.0 kg, height 173 em, body surface 1.79 m?. 
The estimated hourly dose was 10.0 ml, which resulted 
in 54 hr in a blood alcohol of 8 mg %. Increasing the 
dose to 12.5 ml for 51 hr raised the blood alcohol to 
91 mg %, which rise would require 52 ml alcohol. 
The actual amount given, 638 ml, less this excess, 
amounts to 586 ml in 51 hr, or 276 ml daily. 

Subject 3 was a chronic alcoholic, female, age 32, 
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weight 50.5 kg, height 165 em, body surface 1.54 m?. 
The estimated hourly dose was 10.0 ml, which in 52 hr 
resulted in a blood aleohol of 199 mg %. This would 
require an excess of 93 ml of aleohol; this, subtracted 
from the amount administered, leaves 427 ml metabol- 
ized in 52 hr, or 197 ml daily. Decreasing the dose to 
8.0 ml hourly resulted in a drop of blood aleohol of 
51 mg % in 59 hr, indicating an excess of metabolism 
over intake of 24 ml, which, added to the dose ad- 
ministered, gives a total of 496 ml in 59 hr, or 202 ml 
daily. 

Subject 4 was a chronic aleoholic, male, age 39, 
weight 68.2 kg, height 186 em, body surface 1.92 m?. 
The estimated hourly dose of 12.5 ml did not cause 
measurable amounts of aleohol to appear in the blood 
in 28 hr, so it was raised to 17.5 ml, which in 48 hr 
raised the blood aleohol to 63 mg %. The amount of 
aleohol required to produce this rise, 39 ml, subtracted 
from the amount administered, gives 801 ml metabo- 
lized in 48 hr, or 400 mi daily. Further increase of 
the dose to 20.0 ml hourly raised the blood aleohol an 
additional 123 mg % in 21 hr, requiring an excess of 
79 ml. The amount administered, 420 ml, less this 
excess, gives 341 ml metabolized in 21 hr, or 389 ml 
daily. 

From the foregoing it can be seen that there is a 
wide range of maximal daily metabolism in different 
individuals, varying in our small series from about 
200 to 400 ml 95% aleohol. When this is caleulated 
on a basis of body weight the spread is much less, but 
this is not further reduced when related to body sur- 
face, as can be seen from Table 1. Neither can it be 


TABLE 1 
Subject 1 2 3 4 
Sex Male Male Female Male 


Mod- Mod- Exces- Exces- 


Alcohol habits erate erate sive sive 


Daily metabolism 

100-proof liquor (ml) 608 524 383 760 
Daily metabolism 

g aleohol/kg 4.17 3.23 3.06 4.46 
Daily metabolism g/m* 151 117 100 158 


related to drinking habits, since the values for the two 
moderate drinkers lie between the extremes shown by 
the chronic aleoholies. 

It seems unlikely that maintaining the average blood 
alcohol level in a higher range would be effective in 
increasing to an appreciable degree the maximal 
metabolism of aleohol. Thus in the ease of subject 3, 
during the first 52 hr the average blood alcohol con- 
centration was about 100 mg % and the amount 
metabolized daily, 197 ml, whereas during the second 
period of 59 hr the average blood aleohol was 175 
mg % with an almost identical daily consumption of 
202 ml. This is in accord with the findings of Cutting, 
Newman, and Yee (4) that there is some increase in 
rate of aleohol metabolism with increasing blood aleco- 
hol concentration, but that this is minor in degree. 
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In all the foregoing the term metabolism has been 
used to cover the disappearance of all the ingested 
aleohol. This is obviously inaccurate, since some is 
excreted, mainly in the breath and urine, but since this 
is at most 10% it ean for practical purposes be dis- 
regarded. 

We can thus conclude that administration of aleohol 
over a period of a number of days has demonstrated 
a maximum metabolism in our series equivalent to 
760 ml of 100-proof liquor, somewhat less than the 
quart estimated from animal work. No doubt a larger 
series would show a greater range, but it is unlikely 
that the quart a day would be significantly exceeded. 
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On the Evaluation of the Constants 
V,, and Ky in Enzyme Reactions 


B. H. J. Hofstee 


Palo Alto Medical Research Foundation, 
Palo Alto, California 


The Michaelis-Menten theory (1) of enzyme action 
may be expressed by the following equation : 


k, k, 
(1) 
k, 


where E is free enzyme, S is free substrate, C an inter- 
mediate enzyme-substrate complex, and P the product 
of the reaction. Using the same symbols for denoting 
concentrations, it follows that the reaction rate (v) is 
at any moment equal to k,-C. When S — ®, the re- 
action rate approaches a maximum (V,,) equal to 
k,- E,, where E,=E+C. If initial reaction rates are 
measured, the substrate concentration will remain 
practically constant during the time of measurement. 
Further, if S » E;, only a negligible amount of sub- 
strate can accumulate in the form of the intermediate 
complex. From this it follows that (a) the concentra- 
tion of free substrate may be set equal to the total 
substrate concentration, and (b) the rate of disap- 
pearance of substrate equals the rate of formation 
of product (steady state). Therefore, k,-E-S-—k,-C 
=k,:C. By substitution and rearrangement one ob- 
tains 

= Ky (Michaelis constant). (IT) 
Numerically, Ky is equal to the substrate econcentra- 
tion at half-maximum reaction rate (V,,=2v). When 
k, » k,, Ky may be set equal to the dissociation con- 
stant (k,/k,) of the enzyme-substrate complex, and 


1 
Xx. then becomes the “affinity” constant. 
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Equation II can be written in a linear form in the 
following three ways: 


8 1 Ky 
(II) 


(III) Kw. 

A plot of the variables of such equations is commonly 
used for estimating the constants from a set of ex- 
perimental data. Plots I and II were originally worked 
out by Lineweaver and Burk (2). They are used al- 
most exclusively, whereas Plot III has been used only 
occasionally (e.g., [3]). Plot III, nevertheless, has 
great advantages over I and II. Since to the author’s 
knowledge this has never been shown on a compara- 
tive basis, the importance of such plots in enzyme 
chemistry may warrant this note. 

In Fig. 1, each curve represents the same theoretical 
case of an enzyme-substrate system with a Ky of 10° 
and a V,, of 100. The same points, representing equal 
increments of v, have been plotted according to Plots 
I, II, and IIT. In Plot I, the coordinates go to infinity 
when S — 0, whereas in Plot IT this is the case when 
S— @, The half-maximum point (dotted lines) lies 
in both eases to one side of the curve. Experimental 
data that may have been obtained with about equal 
accuracy will be overemphasized at low values of v 
in Plot I and at high values of v in Plot II. The 
points at the other end of the curve are apt to be 
underestimated or even neglected. This is statistically 
unsound. 

None of these objections holds for Plot III. Here 
the curve has a finite and positive intercept with both 
coordinates. The half-maximum point lies in the mid- 
dle of the curve, and on both sides of this point equal 
emphasis is laid upon all data. 

Equal emphasis upon all data is of special impor- 
tance in eases where there is no certainty that only 
one enzyme is involved, as can be seen on the basis 
of Fig. 2. Here a system of two enzymes (A and B), 
acting simultaneously and independently on the same 


al 


Fic. 1. The three possible linear plots of the Michaelis 
equation, representing a theoretical case of an enzyme system 
with Vm = 100 and Ku = 10°, 
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Fie. 2. Theoretical case of two enzymes, A and B, acting 
simultaneously and independently on the same substrate, 
with the constants different. The two plots correspond to I 
and III in Fig. 1. Only in Plot III the resulting line repre- 
sents a simple addition (along the lines through the origin) 
of the individual plots. 


substrate over a wide range of concentrations, is rep- 
resented by Plot I and by Plot III. The difference 
in the constants of the two enzyme systems causes a 
curvature of the resulting lines. In Plot I, however, 
this curvature can be noticed only at one end of the 
curve. In the case of an actual experiment, where an 
experimental error is involved, the points might easily 
be taken as representing a straight line. The shorter 
the range of substrate concentrations applied, the bet- 
ter would be the fit. The corresponding constants could 
then quite erroneously be taken as the constants be- 
longing to a single and hypothetical enzyme system. 
Similar difficulties would obtain if Plot II were used. 
The estimation of the constants will be reliable only 
if both Plot I and Plot II have been used with the 
same results, and a wide range of substrate concen- 
trations has been applied. 

In Plot III (Fig. 2), no straight line is simulated 
because enzymes A and B contribute to the curve in 
direct proportion to the magnitude of the constants. 
The coordinates of any point on the curve are =v and 
23, and the resulting curve is a simple addition of 
the two individual curves. A line through the origin 
represents values of v at a particular substrate con- 
centration, and additions and subtractions must be 
made along such lines. 

A situation similar to the theoretical case described 
above was encountered when a pancreas extract was 
used as the source of esterase (4). 

In Plot III (Fig. 1), where V,, is directly given 
by the intercept with the ordinate, the intercept with 
the abscissa also has significance. Its value is given by 
lim = =7". In an additive sense, v becomes negli- 

M 
gible with respect to V,, at low substrate conceutra- 
tions. From the original equation, it follows then that 


V 
under such conditions v may be set equal to kK, 8. 
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The intercept with the abscissa is therefore the reac- 
tion constant of the first order reaction that is ap- 
proximated at low substrate concentrations. 

Under physiological conditions, where the substrate 
concentration may be low, the reaction rate will be 
determined by z , in which expression z is related 
to the affinity of ‘the substrate for the enzyme. In this 
respect comparison of the rates at which two sub- 
strates are attacked has little meaning if only one 
arbitrarily chosen substrate concentzation has been 
used. It is clear from the above that the complete con- 
centration curves must be determined. If these curves 
eross, the situation at relatively high concentrations 


may be the reverse of that at low concentrations. In 
view of these considerations, the intercept with the 
abscissa, when Plot III is used, may give directly the 
most important constant of an enzyme system. In 
terms of Equations I and II, this intereept equals 


— or per amount of enzyme. 
Ky 
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Inhibition of Methylcholanthrene 
Carcinogenesis by Hypophysectomy* 


Henry D. Moon, Miriam E. Simpson, 
and Herbert M. Evans 

Institute of Experimental Biology and 
Division of Anatomy, 

University of California, Berkeley, and 
Division of Pathology, School of Medicine, 
University of California, San Francisco 


The significance of pituitary function in neoplastic 
disease is indicated by the many and diverse neoplasms 
that develop in the rat following the prolonged ad- 
ministration of growth hormone (1—4) and the absence 
of both growth hormone-induced and spontaneous 
tumors in the hypophysectomized rat (5). The pres- 
ent report is concerned with the inhibitory effect of 
hypophysectomy in methylcholanthrene carcinogenesis. 

For this study 60 adult female rats of the Long- 
Evans strain were divided into four groups and treated 
as follows: (1) 15 rats were implanted with methyl- 
cholanthrene pellets into the right gastroenemius 
muscle; (2) 15 rats were maintained without treat- 
ment as controls; (3) 15 rats were hypophysectom- 
ized; two weeks following hypophysectomy methyl- 
cholanthrene pellets were implanted into the right 
gastrocnemius muscle; (4) 15 rats were hypophysec- 
tomized and maintained without further treatment as 
controls. All animals were weighed and examined for 
tumors every 5 days for a maximum period of 316 
days. 

During the period of observation it was noted that 

2 Aided by grants from the U. 8S. Public Health Service, 
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cer Grant. 


12 of the 15 rats treated with methylcholanthrene de- 
veloped a palpable increase in connective tissue at the 
site of implantation as early as 342 months and that 
8 of these developed rapidly growing tumors after 
periods varying from 195 to 299 days following the 
implanting of methyleholanthrene. Prior to the ecom- 
pletion of the experiment it was necessary to sacrifice 
4 of these animals because of large tumors. Histologic 
examination of these tumors showed all of them to be 
sarcomas arising in skeletal muscle. 

None of the normal controls developed comparable 
lesions. 

Of the group of 15 hypophysectomized rats treated 
with methylcholanthrene, only one developed a sar- 
coma at the site of implantation. There was little or 
no connective tissue reaction to the methyleholanthrene 
pellet in the others. Nine of this group survived for 
more than 199 days, and of these there were 6 which 
survived for the total experimental period of 316 days. 

There were no tumors in the hypophysectomized 
control group. 

Although the numbers of animals used in these ex- 
periments are not great enough to warrant a definite 
conclusion at this time, nevertheless it is considered 
that the results are sufficiently important to deserve a 
preliminary note. Additional animals subjected to 
identical, as well as similar, conditions are now being 
investigated, following which studies a final report 
will be made. 
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Comments and Communications 


Mitochondria or Microorganisms? 


A paper by U. N. Lanham, entitled “Observations 
on the Supposed Intracellular Symbiotic Micro- 
organisms of Aphids,’ contains some interesting 
observations of a preliminary nature (1). However, 
the facts reported do not warrant the statement that 
“the aphid particles lack DNA, and... they are 
not microorganisms.” Failure to obtain certain stain- 
ing reactions generally characteristic of DNA does 
not prove that a particular object of microscopic 
dimensions is not a microorganism. Certain stages of 
the erythrocytic cycle of malaria parasites do not 
show any structures that give the Feulgen reaction 
(2), although the reaction can be brought out if the 
malarial pigment is first removed (3). Even under 
the latter conditions, the chromatin stains very faintly 
in large trophozoites and in gametocytes. A similar 
negative or barely visible Feulgen reaction has been 
noted in certain insect oocysts (4), cells which never- 
theless almost certainly contain DNA. It is possible 
that the symbiotes of aphids exhibit different stain- 
ing reactions at different stages of their develop- 
mental cycle. 

Especially important in the demonstration that 
certain insect symbiotes are undoubtedly symbiotic 
microorganisms have been the researches of A. Koch 
(5), M. Blewett and G. Fraenkel (6), and N. C. Pant 
and G. Fraenkel (7). These workers have shown that 
several species of beetles which contain yeastlike 
symbiotes are able to grow on diets deficient in cer- 
tain vitamins, whereas the same species, if experi- 
mentally deprived of their symbiotes, require these 
vitamins in their diet. Moreover, two of the species 
of symbiotes have been grown in culture, and the 
cultures have been used to infect symbiote-free in- 
sects. 

Certainly much remains to be learned as to the 
nature and function of the intracellular symbiotes of 
aphids and related insects. Equally certainly, more 
than microscopic observations on one species of aphid 
will be needed before definitive conclusions can be 
drawn. 

TRAGER 
The Rockefeller Institute for Medical Research 
New York 
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A NEGATIVE result, such as failure to demonstrate 
the presence of a given substance, is, of course, usually 
unsatisfactory, and although such a result might lead 
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one or another investigator to the conclusion that the 
substance in question is really absent, it cannot be 
regarded as affording absolute proof. The comments 
by Dr. Trager on the difficulties of staining Plas- 
modium by the Feulgen technique are not strictly 
relevant, since the conclusions in question were based 
on the use of acid-Giemsa; but it is quite possible 
that Giemsa would also fail in this instance. Certain 
bacteria also are reported to have nuclei resistant to 
acid-Giemsa, although with some of these (including 
Azotobacter) I have had little difficulty in obtaining 
densely staining internal structures of some kind, 
following fixation of dry films in absolute methyl 
alcohol. 

The example of the microorganisms of beetles 
(Stegobium and Lasioderma) studied by Koch and 
others may or may not be relevant to the aphid prob- 
lem. These microorganisms are said to be transmitted 
from one generation to another on the eggshells, 
which have to be eaten by the newly hatched larva. 
Nothing like this oceurs in aphids, in which a cyto- 
plasmic mode of transmittal has been postulated. 
Also, the beetle microorganisms are found free in the 
digestive tract; or, when intracellular, the host cells 
are associated with the digestive tract. There is no 
conclusive evidence of extracellular occurrence of the 
aphid particles, and the cells containing them (“my- 
cetocytes”) have nothing to do with the digestive 
tract. Studies of intracellular “microorganisms” in 
insects have suffered from a certain amount of un- 
critical jumbling together of unrelated evidence from 
diverse groups of insects, or even from protozoans 
and leguminous plants, when this seemed expedient. 

In aphids, it seems well established that every 
individual, of every species, has “mycetocytes” that 
are packed with the particles in question. From the 
biological viewpoint, the hypothesis that they are 
symbiotic microorganisms seems to be a more un- 
likely, difficult, and complex one than the hypothesis 
that they are intracellular particulates of the nature 
of mitochondria. The reasons for assuming the more 
complex hypothesis to be true from rather early in 
the history of the subject, and for placing the burden 
of proof on those holding the simpler hypothesis, can 
be discussed adequately only by a detailed analysis 
of the literature of microbial symbiosis in both ani- 
mals and plants. 

The conclusion that the intracellular particles of 
aphid “mycetocytes” lack DNA and are therefore 
not microorganisms, reached on the basis of the 
previously mentioned negative evidence, should also 
be considered in the light of the following estimate 
of the major points of the controversy: (1) The 
aphid particles look like microbes when stained with 
the older standard stains. It should be noted, how- 
ever, that when techniques are available which bear 
critically on the problem, such as the acid-Giemsa 
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technique, the evidence from staining is, at least so 
far, negative. (2) Proponents of the microbial theory 
ean point out that the aphid particles do not resemble 
classical mitochondria because of their stability and 
their size. However, the studies of Watanabe and 
Williams (J. Gen. Physiol., 34, 675 [1951]) on the 
sarcosomes of insect flight muscles disclose another 
type which approaches the stability and size of the 
aphid particles. (3) The aphid particles are supposed 
to be added intact to the developing egg from the 
“mycetocytes” of the parent, so that the egg can be 
regarded as being infected by exogenous microorgan- 
isms. But if one examines the critical review of, and 
careful original work on, the subject of the ontogeny 
of the “mycetocytes” by Uichaneo (Philippine J. 
Sci., 24, 143 [1924]), one will find no direct or con- 
clusive evidence for the continuity of the particles of 
the parental mycetocytes with the particles that 
suddenly appear in the developing egg or embryo in 
the oviduct. (4) The aphid particles are said to have 
been grown in vitro. All such claims need verification. 
Some reportedly successful experiments involve very 
simple techniques and can easily be repeated. My 
own attempts to cultivate them, including the use of 
hanging drop techniques where individual particles 
could be observed, were not successful. 


If the aphid particles are cell particulates, mito- 
chondrial in nature, the question is raised as to the 
function of cells apparently containing little more 
than mitochondria. These cells are intimately associ- 
ated with the fat body in aphids, and what are 
possibly similar cells in some other insects are also 
imbedded in the fat body. Since mitochondria are 
centers of Krebs cycle activity, it might be tenta- 
tively postulated that there is a division of labor 
among the cells of the fat body, certain cells (“my- 
cetocytes”) being primarily responsible for providing 
the energy for the synthesis of fats, proteins, and 
glycogen, with the typical fat cells being responsible 
for the storage of these materials. Present work on 
the particles of the “mycetocytes” of aphids and 
other insects is exploring this possibility. The pres- 
ence of Krebs cycle enzymes in the particles would 
not, of course, directly disprove the microbial hy- 
pothesis. The presence or absence of DNA appears to 
be the most critical question in this respect, and I feel 
that until someone ean show conclusively that the 
particles contain DNA granules or nuclei, they should 
be regarded as cell particulates rather than as 
microorganisms. 

U. N. Lannam 
Department of Zoology, University of Michigan 


Book Reviews 


Botany of Sugarcane. C. van Dillewijn. Waltham, 
Mass.: Chronica Botanica; New York: Stechert- 
Hafner, 1952. 371 pp. $6.00. 

A comprehensive new book of value to sugar tech- 
nologists and cane growers alike has been produced 
by Dr. van Dillewijn, formerly director of the Sugar 
Experiment Station, Cheribon, Java. The title page 
appears to suggest that the book is part of a series 
in preparation, or proposed, entitled “Handbook of 
Sugarcane.” Volume I, Botany of Sugarcane, is de- 
voted to the structure, growth, and physiology of the 
sugar-cane plant, with emphasis on the application of 
scientific studies to crop production. Chapters 1-6, 
inclusive, comprise a richly illustrated description of 
the outer and inner morphology of sugar cane, with 
separate discussions of the stem, bud, leaf, flower, and 
root and an evaluation of the characteristics useful in 
identification of sugar-cane varieties. Sources used by 
Dr. van Dillewijn in preparing this portion of the 
book consist of the published records of specialists 
from late in the past century to the most recent years. 

Section IT, under the general heading “Physiology,” 
contains chapters on germination, tillering, growth, 
vegetative composition, chemical composition, nutri- 
tion, water relations, photosynthesis, and respiration. 

For cane growers without access to the large volume 
of technical literature on sugar cane this book will 
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provide in compact form an excellent, up-to-date, and 
full account of research on the biology of sugar cane. 
Of special interest are the careful descriptions of root 
development and tillering and the progressive develop- 
ment of ratoon crops after the plant cane crop is 
harvested. For the first time in a sugar-cane handbook 
space is given to the important growth-regulating sub- 
stances. The whole treatment of growth processes eon- 
tains much that is useful in practical manipulation 
of the crop. The chapters on nutrition and on water 
relations similarly present fundamental information 
on fertilizer and water requirements and the interrela- 
tion of these factors as they influence growth and 
sugar production. There are 617 references to tech- 
nical literature. 

E. W. Branpes 
Palm Beach Research Farm 
Canal Point, Florida 


Short-W ave Radiation Phenomena, Vols. 1 and II. 
August Hund. New York—London: MeGraw-Hill, 
1952. 1382 pp. $20.00 the set. 

It is not always easy to formulate a concrete opinion 
about a book of such tremendous proportions as this 
1382-page opus. In the present case, this is even more 
difficult because it is hard to identify the reader to 
whom the work might have been addressed. It is cer- 
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tainly not useful for a college student who meets such 
subject matter for the first time, for the work is much 
too detailed. Neither is it for the specialist, who does 
not need the mass of detailed computation to orient 
him in a specifie problem. Nor is it, finally, a compre- 
hensive introduction to the subject of “short-wave 
radiation phenomena,” for no modern book on the sub- 
ject can afford to devote but two pages in its entire 
length to horns and only about one page to metal-lens 
antennas. Such disregard for the value of modern 
radiating systems might have been fully justified in a 
text largely devoted to important theoretical aspects 
of the subject, leaving no space for discussion of prac- 
tical problems. No such lack can justly be claimed as 
an excuse, as a large amount of space is wasted in 
actual arithmetic, trivial trigonometric relations, and 
extensive numerical examples occupying page after 
page. 

Perhaps there will be a group of readers who will 
appreciate having as a permanent reference the mi- 
nute examination of the problems of reflection, refrac- 
tion, and diffraction. These subjects oceupy about half 
of Volume II. Here one finds, in the problem of radia- 
tion in free space, the detailed examination of re- 
flection and refraction of plane waves in passing from 
one isotropic medium into another. The examination 
of this problem, with arbitrary angles of incidence, re- 
quires 8 pages of general discussion and 27 pages of 
tabulated calculations and discussion. This is then fol- 
lowed by some 150 additional pages of discussion of 
related topics, such as calculation of Brewster’s angle 
for various conditions, magnitude and phase of reflec- 
tions from the earth, and calculation of field patterns 
from simple radiators in the presence of a reflecting 
medium. Each of these is considered in great detail 
and should be of value to anyone to whom the spe- 
cific problems happen to be important. 

The subject of electromagnetic diffraction is also 
discussed in considerable detail, starting with the usual 
basie principles—i.e., Huygen’s principle, Fresnel 
wave interference, and other matters usually taken up 
in a course in physical optics. These are applied to 
the study of parabolic electromagnetic radiators, wave 
propagation through apertures, diffraction from sharp 
edges, diffraction around a spherical earth, ete., each 
ease being considered thoroughly and completely. Here 
the book is at its best, and the reader will find the 
matter well presented, with numerous references to 
the original works in the field. 

The first volume is divided as follows: Chapters I, 
II, and III present the fundamental concepts and rela- 
tions of currents and electromagnetic fields, occupying 
a space of 360 pages. In their scope, they represent 
a standard introduction, containing the required ele- 
ments of the theory of electricity and magnetism for 
the study of radiation phenomena. Chapter IV, en- 
titled “Propagation Characteristics,” discusses the 
properties of the propagation constant in unbounded 
and guided space, including such topics as phase, 
group, and signal velocities and cutoff frequency for 
waveguides. Chapter V discusses transmission line 
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problems, starting with the usual formulas, impedance 
matching with stubs, and suggests the use of acorn 
tubes for standing-wave detector probes. It concludes 
with problems of radiation from transmission lines. 
Chapter VI deals with the problem of free-space 
radiation. This can be considered as the first chapter 
on radiation phenomena, with the preceding 528 pages 
being more or less preparatory material. In this 255- 
page chapter one meets the classical problems of radi- 
ation from simple dipoles and combinations of such 
dipoles in radiating arrays. As can be seen from the 
number of pages devoted to this, the discussion is quite 
detailed. Chapter VII is concerned with radiation in 
presence of “obstructions,” such as the ground. Chap- 
ter VIII is the chapter on diffraction, mentioned 
earlier. Chapter IX contains 60 pages on waveguides 
and cavities, being rather brief, with completely stand- 
ard material. It is doubtful if one would have any 
reason to prefer this chapter to any of numerous and 
well-known references on the subject. 

As a whole, the book leaves much to be desired. 
In spite of its bulk, it covers but a small fraction of 
the important problems of interest today. The super- 
fluity of numerical details is oppressive and does not 
make it easy to understand the basie problems. In no 
sense can it be construed to be a “modern” treatise 
on the important subject of short-wave radiation. 

Epwarp L, Ginzton 
Microwave Laboratory, Stanford University 


Scientific Book Register 


The Scientists Look at Our World. The Benjamin Frank- 
lin Lectures of the University of Pennsylvania, fourth 
series. John M. Fogg, Jr., Ed. Philadelphia: Univ. 
Pennsylvania Press, 1952. 147 pp. $3.00. 

Electrodynamics: Lectures on Theoretical Physics, Vol. 
III. Arnold Sommerfeld; trans. by Edward G. Ram- 
berg. New York: Academie Press, 1952. 371 pp. $6.80. 

The Clinical Application of Antibiotics: Penicillin. M. E. 
Florey. New York: Oxford Univ. Press, 1952. 730 pp. 
$17.50. 

Fleas, Flukes & Cuckoos: A Study of Bird Parasites. 
Miriam Rothschild and Theresa Clay. New York: Philo- 
sophical Library, 1952. 304 pp. Illus. $8.75. 

The Range of Human Capacities. 2nd ed. David Weeh- 
sler. Baltimore: Williams & Wilkins, 1952. 190 pp. 
$4.00. 

Paper Chromatography: A Laboratory Manual. Richard 
J. Block, Raymond LeStrange, and Gunter Zweig. 
New York: Academic Press, 1952. 195 pp. Illus. $4.50. 

Basic Medical Physiology. W. B. Youmans. Chicago: 
Year Book Pub., 1952. 436 pp. Illus. $7.50. 

Imperfections in Nearly Perfect Crystals. Symposium 
held :t Pocono Manor, October 12-14, 1950. Sponsored 
by the Committee on Solids, Division of Physical 
Sciences, National Research Council. W. Shockley et al., 
Eds. New York: Wiley; London: Chapman & Hall, 
1952. 490 pp. $7.50. 

Education and the Spirit of the Age. R. W. Livingstone. 
New York: Oxford Univ. Press, 1952. 114 pp. $2.00. 

Deformation and Flow in Biological Systems. A. Frey- 
Wyssling, Ed. Amsterdam: North-Holland Pub.; New 
York: Interscience, 1952. 552 pp. $11.50. 
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Recording theory 


and research advances .. . 


ION EXCHANGERS in ANALYTICAL CHEMISTRY 


By OraFr SAMUELSON, Professor of Analytical Chemistry, Chalmers Tekniska Hogskola, Géte- 
berg, Sweden. This is the first book to be devoted exclusively to the analytical applications of the 
new synthetic organic ion exchangers. This ion exchange method, which is becoming more and more 
important, is rapid, simple, and produces more reliable results than earlier separation methods. Dr. 
Samuelson, in this timely work, presents a comprehensive study of the subject, from the viewpoint of 
a practicing analytical chemist. Divided into three parts: general, practical, and applications, it 
initially explains the fundamental principles of ion exchange reaction, then describes practical ap- 
plications of this method to organic, inorganic, and biochemical analysis in detail. The treatment is 
monographic, and it includes both procedural details and explanatory theory. In Preparation. 


SOIL MICROBIOLOGY 


By Setman A. WaksMan, Professor and Chairman, Department of Microbiology, Rutgers 
University. Here is the long-awaited, up-to-date t2xt on microorganisms and their importance in 
soil processes. This new book provides the reader with a basic understanding of the nature and com- 
plexity of the soil population and the conditions that influence its composition. Dr. Waksman re- 
views the activities of microorganisms in the soil (the decomposition of plant and animal residues and 
the formation of humus, etc.) and shows how these activities can be utilized to further soil improve- 
ment and soil conservation, to increase plant productivity, and to combat plant and animal patho- 
gens. He also points out some of the more promising lines of advance in the field and suggests some 
likely paths for future investigation. Available now. 356 pages. $6.00. 


The KINEMATICS and MECHANISM of HOMOGENOUS 
CHEMICAL REACTIONS 


By Artuur A. Frost, Associate Professor of Chemistry, Northwestern University, and RALPH 
G. Pearson, Assistant Professor of Chemistry, Northwestern University. This book differs from 
other treatments of chemical kinetics in emphasizing the complexities of chemical reaction and the 
relation of kinetics to mechanism, particularly th: mechanism of organic reactions. The book is pro- 
fusely illustrated with examples of kinetics used to determine mechanisms of chemical reactions. 
The detailed mathematical treatment of complex reactions is unusually complete as is the treatment 
of flow methods. Emphasis is on fundamental physical principles, with theories such as the collision 
theory and the transition state theory used to aid in understanding. In press. 


PRACTICAL and EXPERIMENTAL GEOGRAPHY 


By W. G. V. Batcuin, University of London, King’s College and A. W. Ricuarps, Farnborough 
Grammar School. This book is a first attempt at gathering together many exercises in practical and 
experimental work in geography, and includes much original material on methods used by the authors 
themselves. This experimental approach is designed to stimulate interest, facilitate understanding, 
and fix essential facts in the minds of students. The first section deals with earth movements; the 
second, with practical work in the study of landforms; in the third section, experimental work 
which can be linked with a study of the atmosphere and oceans is outlined; the fourth section covers 
practical work in survey and map projections; and the last section outlines the principles involved 
in the construction of distribution maps and cartograms. Available now. 135 pages. $2.75. 


Send today for your on-approval copies. 
JOHN WILEY & SONS, Inc., 440 Fourth Avenue, New York 16, N. Y. 
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NEW CLASSROOM MICROSCOPE 


for 
General Biology BACTO 
Sold on 10 days ap- CONCENTRATION DISKS 
proval. Satisfaction 
Guaranteed Bacto-Concentration Disks are for deter- 
_ Model GB: mination of penicillin level in milk, 
serum, urine and other body fluids. 
Objectives, The concentration disks contain meas- 


16mm (10x) m.a. 0.30 
4mm (44x) m.a. 0.66 
Disc Diaphragm 
Plano-concave mirror 
Coarse adjustment 


ured amounts of penicillin. 


The following standardized materials are 
recommended for this procedure: 


Full range fine adjust- 

Bacto-Pencillin Disks 

$118.00 Bacto-Penase Disks 

Less 10% on 5 or Bacto-Subtilis Spore Suspension 
‘ more. 

Wuite for Bacto-Whey Agar 

MODEL GB: catalogue 
ie INSIST ON THIS FULLY EQUIPPED 
INSTRUMENT DIFCO AS 

; A trial in your laboratory will convince you of the Detroit 1, Michigan 

Fi high quality, beautiful design and practical features. 

Z No obligation to purchase if you are not as enthused : 

: about this instrument as we are. Complete details of this procedure 
7 THE GRAF-APSCO CO available upon request. 

5868 Broadway Chicago 40, Ill. 


| Tue RICKETTSIAL DISEASES Or MAN 


fs This symposium yolume is a comprehensive survey of the general field of Rickettsial 
ft diseases in man. Among the contributors appear the names of many of the foremost 
American authorities on this important and relatively new field of medicine. 


The first group of papers includes discussions of the taxonomy, biology, isolation, and 
identification of vectors, and reservoirs of infection of the Rickettsial diseases of man. 
; The second group of papers is devoted to discussions of serological reactions, the Weil- 
3 Felix reaction, the complement-fixation and agglutination reactions, and the preparation 
and standardization of Rickettsial vaccines. The final group of papers treats of 
insecticides, methods of their application, and mite controls. 


: Many of the 27 contributors to this volume during World War II were on the battle 
fronts in Africa, Italy, France and Germany, protecting our troops and the local popu- 
lations wherever Rickettsial diseases prevailed. Rarely, if ever, have the authors of a 
medical book had so wide and so successful practical experience in the very subjects on 
which they have written. 


To: A.A.A.S. Publicati 
ORDER 1815 Massachusetts anak teers Washington 5, D. C. 


YOUR Please accept my order for one copy of The Rickettsial Diseases of Man (74 x 103, 
eloth bound). My check in correct payment is enelosed ($5.25 to A.A.A.S. members, $6.25 
to those who are not members; including postage.) 
COPY 
Name 
N 0 WwW Address 


City Zone State 
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IT’S 
THE NEW 


INVERTED MICROSCOPE 


MONOCULAR-BINOCULAR-PHOTOGRAPHY 


INDISPENSABLE FOR MANY 
MICRO DISSECTING OPERATIONS 
FOR TISSUE CULTURE WORK, ETC. 


ASK TODAY FOR DESCRIPTIVE FOLDER 


GAMMA INSTRUMENT CO., INC... 


P.O. BOX 532, GREAT NECK, N. Y. 
A BRINKMANN AFFILIATE 


COMBINATION MICRO FORGE AND 
LOW POWER MANIPULATOR 


Top Quality 


NAPHTHORESORCINOL 


Naphthoresorcinol Schwarz is of the highest commercially obtain- 
able purity and is readily available at a low price. The product 
is virtually free of impurities. An important biological research 
tool for the quantitative determination of glucuronic acids, 
naphthoresorcinol is also useful in the preparation of dyestuffs. 


Schwarz products meet the exacting requirements of biochemical 
and clinical research. 


Write for our Price List 


LABORATORIES, INC. 
204 East 44th Street, New York 17, N.Y. 
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PAPER PARTITION 


CHROMATOGRAPHY 
EQUIPMENT 


A new and more 
complete line of paper 
chromatographic 
equipment, 

carefully engineered 

for use in this new 
field of analysis. 


Also Available: 
@New Chromatocab 
Models 
@ Strip Suspension Racks 
(stainless steel or 
glass) 


@ Electronic densitometers 


@ Ultraviolet Lamps (long 
and short wave-length) 


@ Indicator Sprays 
@ Disc Chambers 


@ Solvent Troughs & As- 
semblies 


@ Micro Pipets 
@ Clips 


CHROMATOGRAPHY DRYING OVEN 
Write for Catalog 
RESEARCH EQUIPMENT CORPORATION 


Manufacturers 
Dept. S, 1135 Third Street, Oakland 20, California 
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UNIVERSITY PRESS 


Morphogenesis 


By JOHN TYLER BONNER. This book attacks one 
of the central problems of modern biology—how 
any living organism starts as an egg and develops 
into a highly elaborate animal or plant. Special 
effort is made to examine the development of all 
kinds of organisms—one-celled forms, colonial 
forms, all the various lower plants and animals, and 
finally the higher forms. “A most valuable and stim- 
ulating account of a most important branch of mod- 
ern biology.”—G. E. Hutchinson, Yale University. 


350 pages, 99 illustrations, $5.00 


Hydrogen Ion 


Coneentration 


NEW CONCEPTS IN A 
SYSTEMATIC TREATMENT 


By JOHN E. RICCI, In a highly original approach, 


the author presents a general and systematic treat- | 


ment of relations involving the hydrogen ion con- 
centration of aqueous solutions. Mathematical exact- 
ness is developed as far as possible without de- 
pendence upon particular theories of ionization. Dr. 
Ricci is professor of chemistry at New York Uni- 


versity. 
498 pages, 78 graphs, $10.00 


Order from your bookstore 
PRINCETON UNIVERSITY PRESS 
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Symposia presented 
to commemorate the 
first hundred years 
of AAAS include 
42 papers by lead- 
ing scientists in thir- 
teen major fields: 


* Sciences of Society 

* Educational Potentials 

* Human Individuality 

* Food and Nutrition 

ry 

* World Health Problems 

pper 

* The World’s Natural Resources 
* Genes and 

* High Polymers 

* Interactions of Matter and Radiation 
* Waves and Rhythms 


Cash to AAAS 
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now 


A.A.A,S. Publications 
1515 Massachusetts Ave., N.W. 
Washington 5, D. C. 


Enclosed find my check or money order 
in the amount of $...... for ...... 


copy of Centennial. 
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PHOTOVOLT 

Line-Operated Electronic 

MULTIPLIER-PHOTOMETER 
Mod. 520-M 


Absorption and flame photometry. Colorimetry through 
microscopes. Scintillation measurements. Fluorescence 
trace analysis. Monochromatic color densitometry. 


Write for Bulletin #360 to 


PHOTOVOLT CORP. 
95 Madison Ave. New York 16, N. Y. 


PITUTTARY-ADRENAL 
FUNCTION 


PITUITARY-ADRENAL FUNCTION contin- 
ues the AAAS tradition of presenting in book form 
the collected papers presented at symposium pro- 
grams of wide interest. This volume includes 22 
papers delivered at a two-day Symposium on the 
Adrenal Cortex at the AAAS meeting in New York 
City, December 1949. 

This AAAS symposium volume assembles im- 
portant contributions of a score of laboratories in 
the United States and Canada from which many 
of the recent major advances in pituitary-adrenal 
physiology and therapeutics have come, and in- 
cludes studies on the regulation of adrenal cortical 
activity, the role of the cortical hormones in pro- 
tein, carbohydrate, and mineral metabolism, and 
effects of the cortical steroids and the ACTH in 
various disease states. A summary chapter on 
“Adrenolescence” by Dr. George Perera forecasts 
some of the possible future trends in this active 
field of endocrine research. 


6x9 inches, illustrated, clothbound, 
224 pages—$4.00 
Price to AAAS members for prepaid orders—$3.50 


Order from: 


VITAMINS 


For Research 


Carotene, 90% Beta-10% Alpha 
Carotene, Alpha 
Carotene, Beta 
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Biotin Solution 
Calciferol, Vitamin D, 
Calcium Pantothenate 
Choline Chloride 
DL Desthiobiotin 
Folic Acid 
i-Inositol 
2-Methyl Naphthoquinone (Menadione) 
Niacin (Nicotinic Acid) 
Niacinamide (Nicotinamide) 
Pyridoxine Hydrochloride (Vit. B.) 
Riboflavin 


A READY REFERENCE 
That will Save Time for You 


Use this catalog as a “one stop” source 
of Amino Acids, Vitamins, Carbohydrates, 
Adenylates, Nucleates, Purines, Pyrimi- 
dines, Tetrazolium Salts, Enzymes, Micro- 
biological and Bacteriological Media, 
Complete Animal Test Diets and 
Ingredients for investigational use. 


AAAS, 1515 Mass. Ave., N.W., Washington 5, D. C. 
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LaMOTTE BLOCK COMPARATOR 


“4 This improved LaMotte 
Unit greatly facilitates 
simple, accurate, Hydrogen 
Ion Control. It is espe- 
cially recommended for the 
use of individual operators 
on any step of a process 
where a definite pH value 
‘ | must be maintained. Even 
with highly colored or 
tions can easily e 
he new plastic block 
comparator is non-corrodible, aw, and has 
more sharply defined color fields. 
Complete with any one set of LaMotte Permanent Color 
Standards, together with a supply of the corresponding 
indicator colution, measuring pipette and marked test tubes. 


LaMOTTE WATER SOLUBLE pH INDICATORS 
series) pH 0.2-9.6 


These products were originally developed in the LaMotte 
teheestesien and are of the same superior — as the 
acid form indicators hitherto available for pH work 

They have the distinct advantage of being instantly solu- 
ble in distilled water, hence are easy to convert to solution 
form. Use of alkali, as required in the older technic, is 
ye and no heating is necessary. 

The clean quick way to prepare indicator solutions for 
accurate pH work. 


LaMotte Chemical Products Company 
Dept. “H” Towson 4, Md. 


Biological Stains 


Will serve you well—as they have served thousands of 
biologists throughout the world for over thirty years. The 
importance of these items to human welfare far transcends 
their monetary value and the Coleman & Bell Company 
appreciates this responsibility by producing biological stains 
that are always dependable. All of the stains in common 
use have been tested by the Biological Stain Commission. 


C & B Products are distributed by 
Laboratory and Physician Supply Houses 
Throughout the World 


Catalog Upon Request. THE COLEMAN & BELL Co., Inc. 
Manufacturing Chemists, Norwood, O., U.S.A. 
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Meetings & Conferences 


Oct. 1-2. Association of Feed Control Officials. Shoreham 
Hotel, Washington, D. C 

Oct. 1-3. International Council of Scientific Unions (Gen- 
eral Assembly). Amsterdam. 

Oct. 3. Association of American Fertilizer Control 
Officials. Shoreham Hotel, Washington, D. C. 

Oct. 4. Association of Economie Poison Control Officials. 
Shoreham Hotel, Washington, D. C. 

Oct. 6-10. German Society for Sciences of Fat. Diissel- 
dorf. 

Oct. 6-10. Institute on Alcoholism. Colorado State De- 
partment of Health, Denver. 

Oct. 9-11. Optical Society of America (Annual). Hotel 
Statler, Boston. 

Oct. 10, Kessler Institute for Rehabilitation. Conference 
on Rehabilitation of the Paraplegic. West Orange, N. J. 

Oct. 10. National Noise Abatement Council (Annual). 
Armour Research Foundation, Illinois Institute of 
Technology, Chicago. 

Oct. 12. Industrial Packaging and Materials Handling 
Exposition. Coliseum, Chicago. 

Oct. 12-15. American Forestry Association (Annual). 
Battery Park Hotel, Asheville, N. C. 

Oct. 12-16. Orthopedic Appliance and Limb Manufactur- 
ers’ Association. Hotel Statler, Washington, D. C. 

Oct. 12-16. World Medical Association. Athens. 

Oct. 13. Porcelain Enamel Institute. Ohio State Univer- 
sity, Columbus. 

Oct. 13-15. Conference on Electrical Insulation. Curtis 
Hotel, Lennox, Mass. 

Oct. 13-17. American Institute of Electrical Engineers 
(Fall general). New Orleans. 

Oct. 16-18. Congrés Mondial des Médecins pour ]’Etude 
des Conditions Actuelles de Vie. Montecatini, Italy. 

Oct. 16-18. Congreso Internacional de Terapeutica de la 
Union International de Thérapeutique. Madrid. 

Oct. 17-18. American Physical Society, New York State 
(Fall). Cornell University. 

Oct. 18. Ways of Science Conference (Annual). Roosevelt 
College, Chicago. 

Oct. 18-24. National Metal Congress and Exposition, 
sponsored by the American Society for Metals, Amer- 
ican Welding Society, American Institute of Mining 
and Metallurgical Engineers, and Society for Non- 
Destructive Testing. Philadelphia. 

Oct. 19-21. Industrial Recreation Conference (Annual). 
Purdue University, Lafayette, Ind. 

Oct. 20-21. Independent Petroleum Association of 
America (Annual). Mayo Hotel, Tulsa. 

Oct. 20-22. American Oil Chemists’ Society (Fall). Neth- 
erland-Plaza Hotel, Cincinnati. 

Oct. 20-22. Detroit Institute of Cancer Research (An- 
nual). Engineering Society of Detroit, Mich. 

Oct. 20-24. American Ornithologists’ Union (Annual). 
Baton Rouge. 

Oct. 20-24. American Public Health Association (An- 
nual). Publie Auditorium, Cleveland. 

Oct. 20-24. American Society for Metals. Convention Hall, 
Philadelphia. 

Oct. 20-24. National Safety Council. Conrad Hilton Hotel, 
Chicago. 

Oct. 23-24. Tanners Council of America (Fall). Edge- 
water Beach Hotel, Chicago. 
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When ACCURACY 
is important... 


CASTLE AUTOCLAVES are ideally suited to 
precision laboratory work because uni- 
form temperature is rigidly maintained 
throughout the chamber. This temperature 
is selective at any point from 212°F. to 
260°F., hence adaptable for all routine and 
research work. 


SINGLE WALL TYPE is generally suitable 
for laboratory procedures. It is equipped 
with condenser hood which prevents 
moisture dripping on contents. 

DOUBLE WALL TYPE gives you the drying 
effect of a separate pressure jacket. This 
type can be used for general surgical 
purposes. 

Interior equipment to meet your require- 
ments. Write: Wilmot Castle Co., 1212 
University Ave., Rochester 7, N. Y. 


Single wall No. 1826-L 


AMINO ACIDS 


Acetyl-DL-Tryptophane 
DL-Dihydroxyphenylalanine 
DL-Isoleucine 
DL-Leucine 
DL-Lysine HCl 
DL-Methionine 
L-Tyrosine 
DL-Phenylalanine 
DL-Serine 
DL-Threonine 
DL-Tryptophane 
DL-Valine 


1450 BROADWAY, NEW YORK 18, N. Y. 


September 26, 1952 


prices 


ideal for 


amateur 
astronomical 
research 


3 INCH EQUATORIAL 
Objective: Coated 78 mm (3”) diameter, 1200 mm 
(47.2”) focal length. £/16. 

Eyepieces: 200 x, 133 x, 96x, 67 x, 45x. 

COMPLETE with equatorial mounting and slow-motion 
controls, setting circles, tripod, eyepieces, sun projecting 
screen, view finder, star diagonal, erecting prism system, 
etc., fitted wooden cabinets. 


Pally Gosrantocd Express collect Only $435 


OTHER 2.4 INCH EQUATORIAL .... $225. 
UNITRON 2.4 INCH ALTAZIMUTH ... 125. 
1.6 INCH ALTAZIMUTH ... 75. 


% deposit required on C.0.D. shipments 
Send Fa | or M.O. or write for illustrated “iterature to: 


UNITED SCIENTIFIC CO. 
204-6 Milk St., Dept. R-94, Boston 9, Mass. 
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PERSONNEL PLACEMENT 


YOUR ad here reaches over 32,000 foremost scientists 
in the leading educational institutions, industrial 
laboratories, and research foundations in the U. S. 
and 76 foreign countries—at a very low cost 
CLASSIFIED: 18¢ per word, minimum charge $3.60. Use of 
Box Number counts as 10 additional words. 
DISPLAY: $19.50 per inch, no charge for Box Number. 
Correct payment to SCIENCE must accompany all ads. 
Insertion usually made 2 or 3 weeks after receipt of ad. 
SCIENCE e@ 1515 Mass, Ave., N.W., Wash. 5, D. C. 


POStTIONS WANTED 


Biologist—-M.A. 3 years experience clinical and research hematol- 
ogy; 3 years biochemical research. Desires research position in 
East. Box 291, SCIENCE. x 


OPEN 


Associate Laboratory Director for city health department labora- 
tory. Graduate of approved medical school. Require special 
knowledge of diagnostic bacteriology, serology, chemistry, and 
experience in ad ration. Salary depends on qualifications and 
experience. Write: Herbert R. Morgan, M.D., Director, Rochester 
Health Bureau Laboratories, Strong Memoriai Hospital, Rochester 
20, New York. 


—The MARKET PLAGE 


BOOKS + SERVICES + SUPPLIES + EQUIPMENT 


Your sets and files of scientific journals 


are needed by our library and institutional customers. Please ome 
us lists and description of periodical = ou ae Ro to 

at high market prices. Write Dept. A3S is NNER, INC. 
Massachusetts 


SCIENTIFIC BOOKS and PERIODICALS WANTED 
Complete libraries—Sets and titles 
Also, please send us your want list. 


HAFNER, 
East 10th St., 


INC. 
New York 3 


Sets and runs, forei 


WANTED TO PURCHASE ... en 
} and domestic, Entire 


SCIENTIFI PERIODICALS } Gomes 


and BOOKS collections wanted. 
WALTER Jj. JOHNSON e@ 125 East 23rd St., New York 10, N. Y. 


LOOK AROUND... 20 


number = satisfied advertisers using 

every issue of SCIENCE ae 
why not ta advantage of this low-cost means of increasing your 
profits! See above for rates & information. 


SUPPLIES AND EQUIPMENT 
~ T A I N 
STARKMAN Biological Laboratory 


“Your animal is half the experiment” 


SWISS ALBINO “MICE— 


CLASSIFIED: 25¢ per word, minimum charge $6.00. Use of 
Box Number counts as 10 additional words. Correct 
payment to SCIENCE must accompany ad. 

DISPLAY: Rates listed below—no charge for Box Number. 
Monthly invoices will be sent on a c ap s account basis 

—providing satisfactory credit is established. 

Single insertion $19.50 per inch 
7 times in 1 year 17.50 per inch 
13 times in 1 year 16.00 per inch 
26 times in 1 year 14.00 per inch 
52 times in 1 year 12.50 per inch 

For PROOFS on display ads, copy must reach SCIENCE 4 
weeks before date of issue (Friday of every week). 


SUPPLIES AND EQUIPMENT 


Rare Sugars, Biochemical Products, Reagents, New 
Pharmaceuticals in stock. Write or phone PLaza 


7-8171 for complete price list. 


BIOS LABORATORIES, INC. West Stress, 


ALBINO -W RATS 


albino farms P. O. BOX 331 
dept. A © RED BANK, N. J. 


Cc. P. AMINO ACIDS 
and Peptides 
r immediate delivery 
CHEMICAL co., LTD. 


Santa Monica, Calif. 


For the Gest 


e MICROSCOPES 

e ILLUMINATORS 

e MICROTOMES 
Equipment for Photomicrography 
Specialists in Leitz and Zeiss Equipment 
Write to 


ERIC SOBOTKA CO. 


1651 — 18th 


102 West 42nd Street 
New York 36, N. Y. 


mers” SCIENCE... 
White 


x 527 
RED DANK, N. J. 


SERVING SCIENCE ... 


Box 527 
RED BANK, White 


wie RATSI 


N. J. 
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ES MARKET PLACE 


BOOKS + SERVICES + SUPPLIES + EQUIPMENT 


SUPPLIES AND EQUIPMENT 


TACONIC FARMS 


Germantown, N. Y. 
Phone 187 F 2 


¢ Swiss Mice 
@ Webster Strain 4 


REFERENCE 
SETS 


NEW! 


ALLEN 


Microscopical 
Mineralogy and Petrolo: 
INCLUDES 0 INDEX OF REFRACTION SAMPLES 
Write for Leaflet RA-5 


R. P. CARGILLE, 118 Liberty St., N. Y. 6, N. Y. 


PROFESSIONAL SERVICES 


FOOD RESEARCH 
LABORATORIES, INC. 


y 
Biologicol, Nutritional, Toxicologico! Studies 
for the Food, Drvg ond Allied industries 


48-14 33rd Street, Long Island City 1, N.Y. 


RESEARCH GRANTS: 


1953 ARCTIC RESEARCH GRANTS 


The Arctic Institute of North America is offering a number 
of research grants in 1953 for scientific investigations — 
with arctic and subarctic regions. Research must include fie 
investigations in North America or studies at one of the 
Institute offices. Completed applications must be received by 
Ist December 1952. Application forms may be obtained from: 
Arctic Institute of North America, 1530 P Street, N.W., 
ee 5, D. C., or 3485 University Street, Montreal 2 
nada. 


@ HYPOPHYSECTOMIZED RATS 


Ship; to all points via Air Express 
Fo further information write 


HORMONE ASSAY LABORATORIES, INC. @ S159. South Spaulding Ave. 


PROFESSIONAL SERVICES |i 
SPECIAL GLASS APPARATUS 


Our glass blowing department is available for special 
scientific and technical glass apparatus made to 
specifications and drawings. 
Estimates furnished. 


MACHLETT SON 
| 218 East 23rd St. ‘ork 10, N. Y. 


Inquiries invited. 


LOOKING FOR A PUBLISHER? 


Write for Free Booklet SC telling how we can publish 
your book. All subjects considered. New authors welcome. 


VANTAGE PRESS, Inc. © 120 W. 31 St., New York 1. 
In Calif.: 6356 Hollywood Bivd., Hollywood 28 


LABORATORY SERVICES 


in Biochemistry, Chemistry, Bacteriology 
and Insecticide Testing 

@) Screening of compounds for insecticidal, 

| fungicidal and bactericidal properties 


| Biological evaluation and chemical 
determination of insecticides 


} Peet Grady and C.S.M.A. aerosol tests 
| Warfarin assays 
Write for price schedule 


WISCONSIN ALUMNI RESEARCH FOUNDATION 


BOX 2059 hd MADISON 1, WISCONSIN 


September 26, 1952 


AVOID DELAY .... Cash in Advance payment 


MUST be enclosed with ALL classified ads. 
See “Charges and Requirements” 


BIND °EM... 
and you'll 
find them! 


Keep your copies of SCIENCE always available for quick, 
easy reference in this attractive, practical binder. Simply 
snap the magazine in or out in a few seconds—no punch- 
ing or mutilating. It opens FLAT—for easy reference and 
readability. Sturdily constructed—holds 26 issues. 


This beautiful maroon buckram binder stamped in 
leaf will make a fine addition to your library. Only 
postpaid (personal check or Money Order please). Name, 
70¢ extra—year of issue, 40¢ extra. ORDER YOURS NOW! 


SCIENCE @ 1515 Mass. Ave., N.W., Washington 5, D. C. 
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lt's Brand New! 


PHIPPS & BIRD 


PIPETTE WASHER 


, it is, the new Phipps & Bird Pipette Washer! Notice the 
chamber is constructed entirely of virtually unbreakable chemical- 
resistant plastic. This type of construction eliminates usual hazards 
of overflow. Rack is fabricated of chemical-resistant stainless steel. 


No elaborate connections are necessary for installation. Simply 
connect hose from input on washer to standard laboratory faucet. 
Chamber dimensions 31%” x 18”; dimensions of rack 27” i.d. x 18” 


Cat. No. 71-227 $42.50 


Plastic chamber accessory — 
same dimensions as Washer 
chamber. Used for pipettes dur- 
ing soaking period. $10.00 ea. 


GLASS ABSORPTION 
CELLS (KLETT 


Makers of Complete Electrophoresus Apparatus 
SCIENTIFIC APPARATUS 
Klett-Summerson Photoelectric Colorimeters— 
Colorimeters — Nephelometers — Fluorimeters— 
Bio-Colorimeters — Comparators — Glass Stand 
ards—Klett Reagents. 


Klett Manufacturin 
179 East 87 Street, New York, New Co. 


ACTH * Growth * Gonadotropes 
Estrogens * Androgens 


Corticoids * Progesterone 
Others 


HYPOPHYSECTOMIZED 
RATS 


TESTS 


Write for details 


ENDOCRINE LABORATORIES 
OF MADISON, INC. 


5001 W. BELTLINE HIGHWAY ¢ MADISON, WISCONSIN 
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TRACERLAB Utility SCALER 


fm Most Versatile Scaler in Low-Priced Field 


@ Electronic scale of 256 
@ Multiple preset count selection 
@ Regulated high voltage 


LABORATORIES wishing to enter the field of radio- 
activity with a minimum of capital outlay will find the new Tracerlab SC-19 Utility 
Scaler the ideal instrument. 

The Utility Scaler features eight electronic scales-of-two, which give a scaling 
factor of up to 256, followed by a mechanical register totalizing 9999 counts. A 
scale selector switch makes it possible to by-pass some of the scales and thus 
allows the choice of scaling factors of 32, 64, 128 and 256. Predetermined counts 
ranging from 320 to 256,000 may be selected by means of the preset count switch 
which will stop the register at 10, 100 or 1,000. 

With a resolving time of 10 microseconds, counting rates of up to 60,000 
CPM result in less than 1°%, coincidence loss. The maximum counting rate of the 
Utility Scaler register is 1,000 CPM. The high voltage power supply 
is variable from 500 to 2000 volts and is so regulated that a 1°, 


change in line voltage causes only 0.1°/, change in high voltage. 


Please write for pamphlet No. 42 


Chicago, Washington, New York, Berkeley, Calif., Houston Los Angeles, Paris 


racerla 


130 HIGH ST., BOSTON, MASS. ~ 
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Uniform 


Serial 
Sectioning 


with the Al) NO. 815 


ROTARY MICROTOME 


Sturdy, independent feed 
screw can be set for speci- 
mens 2 to 40 microns thick. 


For a medium size microtome with all the accuracy 
Improved double width knife 

and mechanical advantages for which AO Spencer clamps provide rigid support and 

Microtomes have long been famous — choose the —#4¢ "ange of tilt. 

popular No. 815 Rotary Microtome. Uniform serial 

sections may be cut from two to forty microns in 

thickness. Total excursion of the feed is 22mm. Im- 


proved ball and ‘flange object clamp holds the block 


rigidly and may be oriented in any desired plane. A 
precision-edged, highest quality steel knife is supplied 
complete with back and handle for 
sharpening. Ask your AO distributor 
to show you the No. 815 Microtome, 


American @ Optical 


or write Dept. J4. INSTRUMENT DIVISION + BUFFALO 15, NEW YORK 
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